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o 7.1 GROUNDWATER HYDROLOGY

7  . L .  O  SCOPE

Sec t ion  7 .L  p resen ts  a  d i scuss ion  o f  g roundwate r  cond i t i ons
w i t h i n  t he  T rac t  1  m ine  p l an  and  ad jacen t  a reas .  Conc lus i ons
drawn here in are based upon a deta i led seep and spr ing survey of
t he  a rea ,  l im i t ed  exp lo ra to r y  d r i l 1 i ng ,  and  t he  resu l t s  o f
groundwater  invest igat ions conducted by others in  the region of
the  m ine .

7 .L .1 I . {ETHODOLOGY

Seep  and  sp r i ng  su rveys  we re  conduc ted  on  June  6  and  1 ,
l - 985  and  Oc tobe r  t 4  and  15 ,  1 "985  w i t h i n  an  a rea  t ha t  ex tended
app rox ima te l y  one  m i l e  f r om the  bounda r i es  o f  t he  T rac t  I
(ex i s t i ng )  and  T rac t  2  (p roposed)  pe rm i t  a reas .  The  s tudy  a rea
for  the survey was bounded by Hunt ington Creek on the east ,  B l ind
Canyon on the nor th,  and the r idge between Crandal l  Canyon and
Li t t le  Bear  Canyon on the south.  The western extent  o f  the seep
and spr ing survey extended one mi le  west  o f  the western Tract  I /
Tract  2  permi t  boundary.

An  ae r i a l  r econna i ssance  o f  t he  su rvey  a rea  was  i n i t i a l l y
conduc ted  to  p rov ide  an  i nd i ca t i on  o f  sp r i ng  l oca t i ons  and  s i t e
access ib i l i t y .  The  a rea  was  t hen  t r ave rsed  on  f oo t  t o  a1 Iow
sp r i ngs  and  seepage  po in t s  t o  be  p rec i se l y  l oca ted ,  exam j -ned ,
and  samp led .

Geo log i c  cond i t i ons  a t  a l l  seeps  and  sp r ings  were  no ted  i n
the  f i e1d ,  i nc lud ing  l i t ho log i c  and  s t ruc tu ra l  con t ro l s  and  the
geo log i c  f o rma t i on  f r om wh i ch  t he  seepage  i ssued .  S igns  o f
usage  were  a l so  no ted .  The  f l ow  ra te  was  v i sua l l y  es t ima ted  and
( i f  su f f i c i en t  wa te r  was  p resen t )  a  samp le  o f  t he  wa te r  was
co l l ec ted .  The  tempera tu re  o f  t he  wa te r  i ssu ing  f rom the  sp r ing
was  measured  a t  t he  s i t e .  A l l  samp les  were  subsequen t l y  ana lyzed
in  the  f i e ld  fo r  pH  and  spec i f i c  conduc tance .

Reg iona l  g roundwa te r  cond i t i ons  we re  de te rm ined  f r om a
rev iew  o f  ava i l ab le  l i t e ra tu re .  Whe re  app rop r i a te ,  conc lus i ons
d rawn  f rom inves t i ga t i ons  e l sewhere  i n  t he  reg ion  were  used  to
de te rm ine  app rox ima te  l oca l  cond i t i ons .

7  .L .2  EX IST ING GROUNDWATER RESOURCES

7  .L .2 .L  Reg iona l  G roundwa te r  Hyd ro logy

S i x  f o rma t i ons  ou t c rop  w i t h i n  t he  T rac t  l -  m ine  p l an  and
ad jacen t  a reas  (F igu re  7 -L \ .  Acco rd ing  t o  Doe l l i ng  (L9121 ,  t he
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Masuk shale Member of  the Mancos shale (Km on Figure 7-1)  is  a
l i gh t  g ray  to  b lue -g ray  mar ine  sandy  sha le  i n  t he  m ine  v i c in i t y '
Th i s  un i t  i s  exposed  a t  t he  mou th  o f  C randa l l  Canyon  and  i n
ad jacen t  a reas  a long  Hun t ing ton  Creek .  The  Masuk  Sha le  Member
y ie lds  wa te r  l oca l l y  t o  seeps  and  sp r ings  bu t  does  no t  se rve  as  a
reg iona l l y  impo r tan t  aqu i f e r  (Dan ie l son  e t  a1 . r  l - 981 ) .

The  S ta r  Po in t  Sands tone  (Ksp )  i s  p redom inan t l y  a  l i gh t -
g ray  mass i ve  sands tone  w i th  m i -no r  i n te rbedded  laye rs  o f  sha le
and -s i l t s t one  nea r  i t s  base  (Doe l l i ng ,  L9721 .  I n  t he  v i c i n i t y  o f
t he  m ine ,  t he  S ta r  Po in t  Sands tone  i s  700  t o  900  f ee t  t h i ck '
The Star  Point  serves as an impor tant  reg ional  aqui fer  (Danie lson
e t  d1 .  ,  1 -981 -  )  ,  y i e l d i ng  wa te r  t o  seve ra l  m ino r  and  some  ma  j  o r
spr ings where f ractured and jo in ted.

The  B lackhawk  Fo rmat ion  (Kb )  i s  t he  p r i nc ipa l  coa l -bea r ing
un i t  i n  t he  reg ion  (Doe l l i ng ,  1972 i r  .  Th i s  f o rma t ion  cons i s t s  o f
i n t e rbedded  l aye rs  o f  sands tone ,  s i l t s t one ,  sha1e ,  and  coa1 ,  a l l
o f  mar ine  o r i g in .  The  B lackhawk  i s  abou t  1 ,000  fee t  t h i ck  i n  t he
m ine  a rea ,  w i t h  t he  p r i nc i pa l  coa l  seam ( t he  H iawa tha  seam)
occu r r i ng  nea r  t he  bo t t om 

-o f  
t he  f o rma t i on .  The  f o rma t i on

y ie lds  wa te r  t o  sp r ings  and  coa l  m ines  when  f rac tu red .  Where  i t
i s  1oca11y  i n te rbedded  w i t h  t he  S ta r  Po in t  Sands tone r  t he
lower por t ion of  the Blackhawk Format ion is  considered an aqui fer
(Dan ie l son  e t  d l . ,  19B l - ) .

The  Cas t l ega te  Sands tone  (Kc )  ove r l i es  t he  B lackhawk
Format i -on  and  cons i s t s  o f  t an  to  b rown  c l i f f - f o rm ing  sands tones
o f  f l uv i a l  o r i g i n .  The  sands tones  a re  mass i ve  and  med ium-  t o
coa rse -g ra i ned .  I n  t he  a rea  o f  t he  m ine ,  t he  Cas t l ega te  i s
app rox ima te l y  300  f ee t  t h i ck .  The  Cas t l ega te  y i e l ds  wa te r
l oca11y  to  seeps  and  sp r ings  bu t  does  no t  se rve  aS  an  impor tan t
reg iona l  aqu i f e r  because  i t  i s  common ly  d ra i ned  w i t h i n  sho r t
d i s tances  f rom i t s  recha rge  a rea  due  to  deep ly  i nc i sed  canyons
(Dan ie l son  e t  a l . ,  L981 ) .

The  P r i ce  R i ve r  Fo rma t i on  (Kp r )  cons i s t s  p redom inan t l y  o f
f r i ab le  l imy  sands tone  i n te rbedAea  w i tn  pebb ly  cong lomera tes  and
sha les .  I t  f o rms  s teep  receed ing  s lopes  and  reaches  a  max imum
th i ckness  o f  abou t  500  f ee t  1n  t ne  m ine  a rea  (Doe l1 i ' ng ,  L9721  .
Th i s  fo rma t ion  y ie lds  wa te r  1oca11y  to  seeps  and  sp r ings  (Dan ie l -
son  e t  d1 . ,  l _981 )  .  Howeve r ,  l i ke  t he  cas t l ega te  sands tone ,
deep l y  i nc i sed  canyons  i n  t he  a rea  p reven t  t he  P r i ce  R i ve r
Fo rmat ion  f rom be ing  an  impor tan t  reg iona l  aqu i fe r .

The  uppe rmos t  f o rma t i on  t ha t  ou t c rops  w i t h i n  t he  a rea
ad jacen t  t o  the  m ine  p lan  a rea  i s  t he  Nor th  Horn  Fo rma t ion  1 fw) .
Th i s  f o rma t i on  cons i s t s  o f  i n t e rbedded  I imes tones '  sands tones '
and  sha les  (Doe11 ing ,  L9721  .  Due  t o  h i gh  t opog raph i c  P resence
bu t  l im i ted  ae r ia l  ex ten t  w i th in  the  pe rm i t  and  ad jacen t  a reas '
t he  No r th  Ho rn  Fo rma t i on  i n  t he  v i c i n i t y  o f  t he  T rac t  I  a rea
se rves  p r ima r i l y  as  a  r echa rge  un i t  t o  unde r l y i ng  f o rma t i ons
ra the r  t han  as  an  impor tan t  sou rce  o f  wa te r  i t se l f -

7 -6 Mid -Te rm Rev iew 2 - f -86



I nves t i ga t i ons  by  Dan ie l son  e t  a l .  ( 1981 , )  i nd i ca ted  t ha t
mos t ,  i f  no t  a l l ,  g roundwa te r  i n  t he  reg ion  i s  de r i ved  f r om
snowme l t .  Recharge  tends  to  be  l im l ted  i n  a reas  under la in  by
the Pr ice River  Format ion and o lder  rocks ( re la t ive to  recharge
in areas under la in  by younger  rocks)  due to  s lope stee_p: tess and
re la t i ve  impe rv i ousness  (bb th  o f  wh i ch  p romo te  runo f f  r a the r
than  i n f i l t r a t i on  o f  snowme l t ) .

De ta i l ed  po ten t i ome t r i c  su r face  da ta  a re  no t  ava i l ab le  fo r
the  reg i -on  su r round ing  the  T rac t  1  a rea .  However ,  t he  deep ly
i nc i sed  canyons  i . n t e r rup t  t he  f l ow  o f  g roundwa te r  i n  much
o f  t he  a rea .  Dan ie l son  e t  a1 .  ( l - 9B l - )  sugges t  t ha t  g roundwate r
gene ra l l y  moves  f r om h igh  a reas  o f  r echa rge  t o  l ow  a reas  o f
d ra inage ,  p r i nc ipa l l y  a long  s t ream channe ls .  Th i s  f l ow  pa t te rn
i s  a l t e red  1oca1 l y -whe re  geo log i c  s t r uc tu re  p l ays  a  dom inan t
ro Ie .

The  p redom inan t  chem ica l ,  cons t i t uen t s  i n  mos t  sp r i ngs  i n
the  reg ion  a re  ca l c | um and  b i ca rbona te  (Dan ie l son  e t  d l . ,  l - 9B l - )  '
D i sso l ved  so l i ds  concen t ra t i ons  genera t l y  range  f rom abou t  50  to
750  m i l l i g rams  pe r  1 i t e r .  Reg iona l l y ,  t he  concen t ra t i ons  o f
ma jo r  d i sso l ved  cons t i t uen t s  i n  wa te r  f r om i nd i v l dua l  geo log i c
un i t s  i s  h i gh l y  va r i ab le ,  due  t o  t he  comp lex  l i t ho log i c  na tu re
o f  t he  a rea  (Dan ie l son  e t  d l .  ,  l - 981 )  .

7 .L .2 .2  M ine  P lan  A rea  Aqu i f e r s

Resul ts  of  the seep and spr ing inventor ies conducted in  the
Trac t  1  pe rm i t  and  ad j Jcen t  a reas  were  submi t ted  p rev ious l y  t o
DOGM (Ea r thFax  Eng inee r i ng ,  L985a ,  1985b ) .  Loca t i ons  o f  t he
seeps and spr ings d iscovered dur ing the inventor ies are shown in
F igu res  7 -2  and  7 -3 .  Da ta  co l l ec ted  du r ing  the  j -nven to r i es  a re
i nc l uded  i n  Tab les  7 -L  and  7 -2 .

Ove r  50  pe rcen t  ( 43  ou t  o f  B0 )  o f  t he  seeps  and  sp r i ng
d i scove red  du r i ng  t he  June  l - 985  i nven to r y  i s sued  f r om the
B lackhawk  Fo rmat ion .  However ,  f l ow  ra tes  a t  t hese  po in t s  were
no rma l l y  m in ima l  ( 1ess  t han  one  ga l l on  pe r  m inu te ) '  w i t h  seepage
issu ing  p redominan t l y  a t  t he  i n te r face  be tween  sands tone  l enses
above  and  l ess  pe rmeab le  sha le  l aye rs  be low .  By  the  t ime  o f  t he
Oc tobe r  l - 985  su rvey ,  27  o f  t hese  seeps  and  sp r ings  had  d r i ed  up .
Usage  a t  t hese  po in t s  o f  seepage  i s  m in ima l ,  due  to  the  l ow  f l ow
ra te  and  o f ten  i naccess ib i l i t y  o f  t he  seeps .

The  l ow  Seepage  ra tes  measu red  i n  mos t  o f  t he  Seeps  and
spr ings issu ing i r6m the Blackhawk Format ion are due to  the 1ow
nydrau l i c  conduc t i - v i t y  o f  t he  fo rma t ion  i n  i t s  un f rac tu red  s ta te '
Labora to ry  pe rmeab i l i t y  da ta  p rov ided  by  L ines  (1985)  f rom a  co re
samp le  co l l ec ted  i n  Se t t i on  i l  ,  T .  L7  5 . ,  R .  6  E .  (app rox ima te l y
t0  h i t es  sou th  o f  t he  T rac t  l -  pe rm i t  a rea )  i nd i ca te  tha t  sand -
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F igu re  7 -2 .  Loca t i ons  o f seeps  and  sp r ings f rom the 85  i nven to ry .
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F igu re  7 -3 .  Loca t i on  o f  seeps  and  sp r ings  f rom the  Oc tobe r  l - 985  i nven to ry .



Tab le  7 -L .  Resu l t s  o f  June  L985  seep  and  sp r ing  su rvey .

pH
(  U n i t s  )

S p e c i f i c
g o j 4 .  ( a )

GeologyTemp
(oc  )

UseF ie l d
Number

F low
(gpm)

\t
I

H
o

SP-1-

S P - 2

S P - 3

S P - 4

S P - 5

S P - 6

S P - 7

S P - B

S P - 9

S P - I O

( b )

(b )

B .L2

7 .86

(b )

7  . 67

8 .36

7  . 95

(b )

7  . 90

(b )

(b )

730

660

(b )

590

440

280

(b )

220

(b )

(b )

1_7 .  0

10 .  0

(b )

4 .5

10 .0

3 .5

(b )

r_0.0

From base of  StarPoint  SS over
Masuk Sh.  Member of  Mancos Sh.

From base of  StarPoint  SS over
Masuk Sh.  Member of  Mancos Sh.

From sandstone bedding Plane
in  S ta rpo in t  SS

From co l l uv ium a t  head  o f
l ands t i de  i n  B lackhawk  Fm.

From col luv ium over  sandstone
in  S ta rpo in t  SS

From sandstone bedding Plane
in Blackhawk Fm.

From snow patch at toP of
Cas t l ega te  SS

From snow patch at  toP of
Cas t l ega te  SS

From sands tone /sha Ie  i n te r face
Cas t l ega te  SS/B lackhawk  Fm.

From snow patch at  base of
Cas t l ega te  SS

None

None

None

Deer  and  e l k

None

Deer  and  e l k

Deer  and  e1k

Deer  and  e l k

None

Deer  and  e l k

10

20

40



Tab le  7 -L .  (Con t inued)  .

F i e l d
Number

F low
(gpm)

pH
(Un i t s  )

S p e c i f i c
C - o n a .  ( a )

Temp
(oc)

Geology Use

sP-l-1-

SP-12

sP-1  3

SP-14

sP-1_ 5

sP-l-  6

sP- l- 7

SP- ]- B

SP-19

SP-2  O

l_5

(b )

7  . 66

8 .57

8 .  l - 0

(b )

8 .34

7 .7L

7  . 42

7  . 60

(b )

(b )

250

100

150

(b )

560

460

500

620

(b )

(b )

3 .0

7 .0

5 .5

(b )

L4 .5

r -0 .0

7 .0

6 .5

(b )

From col luv ium over  sandstone
o f  Cas t l ega te  SS

From base  o f  sands tone  (P r i ce
River  Fm. )  in  channel  bot tom

From sands tone  a t  head  o f  s l i de
in Pr ice Ri -ver  Fm.

From f ractured sandstone and
so i l  i n  P r i ce  R ive r  Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From sands tone  a t  head  o f  s l i de
in Blackhawk Fm.

From sands tone /sha le  i n te r face
in Blackhawk Fm.

From sandstone bedding p lane
in Star  Point  SS

From sands tone  a t  head  o f  s l i de
in Blackhawk Fm.

From sands tone  bedd ing  p lane
in  S ta r  Po in t  SS

None

Deer and e lk

Deer  and  e l k

Deer  and  e l k

None

Deer

Deer  and e lk

Deer  and  e Ik

None

None

25
{
I

P
P

l_0



Tab le  7 ' L .  (Con t i nued ) .

F i e l d
Number

pH
(  Un i t s  )

S p e c i f i c
C o n a .  ( a )

G e o l o g yTemp
(oc  )

UseF low
(gpm)

{
I

P
N)

SP.2  1

sP-22

SP.2  3

SP-24

SP.2  5

SP-26

5P.27

sP-2  I

sP-29

SP.3  O

0

<<1

0

l_

8 .53

8 .05

8 .02

7 .35

6 .  B0

(b )

(b )

(b )

(b )

8 .10

820

230

550

790

820

(b )

(b )

(b )

(b )

1060

13 .5

3 .5

6 .0

6 .0

10 .0

(b )

(b )

(b )

(b )

t -6 .  s

From sandstone bedding Plane
in  S ta r  Po in t  SS

From f ractured sandstone over
sha le  i n  B lackhawk  Fm.

From sands tone /sha1e  in te r face
in  B lackhawk  Fm.

From sands tone /sha le  i n te r face
in Blackhawk Fm.

From sands tone  bedd ing  P lane
in  S ta r  Po in t  SS

From road cut ,  sandstone bed-
d ing  p lane  i n  S ta r  Po in t  SS

From col luv ium over  sandstone
in Star  Point  SS

From road cut '  sandstone bed-
d ing  p lane  i n  S ta r  Po in t  SS

From road cut ,  sandstone bed-
d ing  p lane  i n  S ta r  Po in t  SS

From sands tone /sha Ie  i n te r face
in Blackhawk Fm.

Deer

None

None

Deer  and  e l k

None

None

None

None

None

None

<1



Tab le  7 -L .  (Con t inued)  .

F i e l d
Number

pH
(  Un i t s  )

S p e c i f i c
C o n a .  ( a )

G e o l o g yTemp
(oc )

UseF  low
(gpm)

{
I

P(,

sP-3 l -

SP-3  2

SP-3  3

SP-3  4

SP-3  5

SP-3  6

SP-3  7

SP-3  8

SP-3  9

SP-4  O

0

<<1

0

0

2

0

<1

0

0

( b )

( b )

( b )

( b )

( b )

8 . 3 9

( b )

8 . 2 2

( b )

( b )

( b )

( b )

( b )

( b )

( b )

8 9 0

( b )

l 1 _ 8 0

( b )

( b )

( b )

( b )

( b )

( b )

( b )

1 6 . 0

( b )

9 . 0

( b )

( b )

From col luv ium over  sandstone
in Blackhawk Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From al luv ium over  sandstone
in Blackhawk Fm.

F' rom col luv ium over  sandstone
in Blackhawk Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From sands tone /sha le  i n te r face
in Blackhawk Fm.

From sandstone bedding Plane
in Blackhawk Fm.

From sands tone /sha le  i n te r face
in Blackhawk Fm.

From sandstone bedding Plane
in Blackhawk Fm.

From sandstone bedding Plane
in Blackhawk Fm.

None

None

None

None

None

Deer and e lk

None

Deer and e lk

None

None



Tab le  7 -L .  (Con t i nued ) .

F ie l d
Number

pH
(  Un i t s  )

Spec i f i c
cbna.  (a)

GeologyTemp
(oc)

UseF low
(gpm)

SP-4  1

SP-42

SP-43

SP.44

SP-4  5

sP-4  6

SP-47

SP-4  8

SP .49

SP-50

<<1

<<1

0

0

0

0

0

0

0

0

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

From col luv ium over  sandstone
in Blackhawk Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From col luv ium over  sandstone
in Blackhawk Fm.

From sandstone bedding Plane
in  Cas t l ega te  SS

From sandstone bedding Plane
in  Cas t l ega te  SS

From co l l uv ium ove r  sands tone
in Blackhawk Fm.

From sandstone bedding Plane
in road cut  in  Blackhawk Fm.

From sands tone /sha le  i n te r face
in  s lump in  B lackhawk  Fm.

None

Deer and e lk

None

None

None

None

None

None

None

None

-J
I

ts
F



Tab le  7 -L .  (Con t inued)  .

F ie1d  F low  pH SPec i f i c  TemP
Number  (gpm)  (Un i t s )  Cond .  (a ,  (oC)

Geo logy Use

{
I

H
(.rr

Sp-51  0  (b )  (b )  (b )  F rom sands tone /sha le  i n te r face  None
in s lump in  Blackhawk Fm.

Sp -52  L  7 .99  600  L2 .0  F rom co l l uv i um ove r  sands tone  Dee r
in  B lackhawk  Fm. ,  w /  t rave r t i ne

Sp-53  B  7  .3L  490  5 .5  F rom f rac tu red  sands tone  w i th  Deer
t raver t ine in  Blackhawk Fm.

Sp -54  15  7  . 35  500  5 .5  F rom f r ac tu red  sands tone  w i t h  Dee r
t raver t ine in  Blackhawk Fm.

Sp -55  l - 0  7 .36  480  5 .5  F rom f r ac tu red  sands tone  w i t h  Dee r
t raver t ine in  Blackhawk Fm.

Sp-56  l -5  7 .6L  490  5 .5  F rom f rac tu red  sands tone  w i th  Deer
t raver t ine in  Blackhawk Fm.

Sp -57  6  7 .35  480  5 .5  F rom f r ac tu red  sands tone  w i t h  Dee r
t raver t ine in  Blackhawk Fm.

Sp -58  10  7 .40  500  5 .0  F rom f r ac tu red  sands tone  i n  Dee r
Blackhawk Fm.

Sp -59_  1  7 .43  690  7 .0  F rom co l l uv i um ove r  sands tone  Dee r
in  Blackhawk Fm.

Sp-60  0  (b )  (b )  (b )  F rom sands tone  bedd ing  p lane  None
in  Cas t l ega te  SS



Tab le  7 -L .  (Con t i nued ) .

F ie ld  F low  pH SPec i f i g  Tg*P
Number  ( qpm)  (Un i t s )  Cond .  ( a '  ( oc )

Geology Use

sP-61 15 7.36 450 2.0 From fractureal sanalstone in Deer and elk
Price River Fm.

SP-62 O (b) lb) (b) Fron sanalstone / sha le interface None
in Price River Fm.

sP-63 o (b) {b) {b} From sandstone/shale interface None
in Price River Fm'

i  sp-ee  10  7 .33  440 3 .0  From f rac tu red  sana ls tone in  Deer
F Price River Fm.

sP-65157 .4343o5 .0Fromco l luv iunoversan . l s toneDeerande lk
in Price River Fm.

SP-66 0 (b) (b) (b) From sandstone/shale interface None
in Blackhalrk Fm.

SP-67 0 (b) (b) (b) From sandstone betlding plane None
in Castlegate Ss

sP-68 0 (b) (b) (b) From sandstone bedding plane None
in Castlegate SS

sP-69 0 (b) (b) (b) From sanalstone betlding plane None
in  cas t legate  ss

SP-?O 15 7 .L7  550 3 .5  From f rac tu rea l  sana la tone in  Deer
in Price River Fn.



Tab le  7 -L .  (Con t inued)  .

F i e l d
Number

F low
(gpm)

pH
(Uni t .s  )

Spec i f i c
cbna.  (a)

GeologyTemp
(oc  )

Use

!
I

H
{

SP-71

SP-7 2

SP-73

SP.7 4

sP-7  5

SP-76

sP-77

SP-7  B

sP-79

SP-BO

0

<< l_

0

0

0

1

0

0

0

0

( b )

( b )

( b )

( b )

( b )

7  . 4 8

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

9 6 0

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

l _ 0 . 0

( b )

( b )

( b )

( b )

From sandstone bedding Plane None
in  Cas t l ega te  SS

From sands tone /sha1e  in te r face  None
in  P r i ce  R ive r  Fm.

F rom sands tone /sha le  i n te r face  None
in Blackhawk Fm.

From sands tone /sha1e  in te r face  None
in Blackhawk Fm.

From sands tone /sha le  i n te r face  None
in Blackhawk Fm.

From sands tone /sha1e  in te r face  Deer
in  B lackhawk  Fm.

From sands tone /sha le  i n te r face  None
in Blackhawk Fm.

From sandstone bedding Plane None
in  S ta r  Po in t  SS

From sandstone bedding Plane None
in  S ta r  Po in t  SS

From sandstone bedding Plane None
in Star  Point  SS

(a )  r n  pmhos / cm
(b )  t nsu f f i c i en t

a t  25oC
water  to  sample



Tab le  7 -2 .  Resu l t s  o f  Oc tobe r  1985  seep  and  sp r ing  i nven to ry .

F ie  1d
Number

F  1ow
(gpm)

pH
(  Un i t s  )

Spec i f i c  TemP
cona .  ( a )  ( oc )

SP- ] -

S P - 2

S P - 3

S P - 4

S P - 5

S P -  6

S P - 7

S P - B

S P - 9

S P - 1 0

sP- l - l -

S P - I 2

sP- l -3

sP- l- 4

SP- I5

SP .1  6

SP-17

SP- ] .8

sP -L9

SP-2  O

Dry

Dry

Dry

0

Dry

Dry

Dry

Dry

Dry

0

Dry

0

Dry

l_

Dry

Dry

Dry

z

l_

Dry

(b )

(b )

7 .74

8 .15

8 .27

(b )

(b )

340

450

530

( b )

( b )

( b )

6 .0

3 .0

3 .5

( b )( b )
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Tab le  7 -2 . (Con t inued)  .

F i e  1d
Number

F low
(gpm)

pH
(  U n i t s  )

Spec i f i c  TemP
cond .  ( a )  ( oc )

sP -2L

5P.22

SP.2  3

SP-2  4

SP-2  5

5P.26

5P.27

SP-28

SP-2  9

SP-30

SP-3  I

SP-3  2

SP-3  3

SP-3  4

SP .3  5

SP-3  6

SP .3  7

SP-3  B

SP-3  9

SP .4O

Dry

1

2

Dry

Dry

0

0

Dry

Dry

< l

Dry

Dry

Dry

Dry

Dry

I

Dry

Dry

Dry

Dry

7  . 32

8 .08

(b )

(b )

8 .19

7 .  85

3 5 0

6 7 0

( b )

( b )

l - I f U

950

3.5

3 .5

( b )

( b )

4.0

4 .0
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Tab le  7 -2 . (Con t inued)  .

F i e l d
Number

SP-4  1

SP-42

SP-43

SP-44

SP-45

SP.4  6

SP .4  7

SP .4  8

SP .4  9

SP-50

SP.5  1

SP-52

SP-53

SP-54

SP-55

SP.5  6

SP-57

SP-5  B

SP-5  9

SP-60

F  low
(gpm)

pH
(Un i t s  )

Spec i f i c  TemP
gon6 .  ( a )  ( oC)

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

l_

5

5

t-0

l_5

6

5

l_

Dry

8 .00

7  . 95

8 .07

7  . 59

7  . 90

7  . 56

7 .70

7  . 86

540

470

500

530

470

470

500

520

7 .0

5 .0

5 .5

5 .5

6 .5

4 .5

9 .0

5 .0

7 -20 Mid-Term Rev iew 2 -L -86



Tab le  7 -2 .  (Con t inued)  .

F i e  I d
Number

sP-6L

SP-62

SP-63

SP-64

SP-65

SP.6  6

sP-67

SP-68

SP.6  9

SP-70

sP- 7 l -

SP-72

SP-73

SP-74

SP-75

SP.7  6

sP-77

SP-78

SP-79

SP-BO

F low
(gpm)

pH
(  Un i t s  )

S p e c i f i c  T e m P
cona .  (a )  (oc )

1

Dry

Dry

Dry

<l_

Dry

Dry

Dry

Dry

0

0

Dry

Dry

Dry

Dry

t

Dry

Dry

Dry

Dry

8 .16

8 .18

(b )

(b )

8 .35

450

500

850

9 .0

3 .5

(b )

(b )

5 .0

( b )

( b )

( a )  r n  umhos / cm
(b )  r nsu f f i c i en t

a t  25oC
water  to  sample
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s tone  un i t s  w i t h i n  t he  B lackhawk  Fo rma t j - on  have  an  ave rage
hor i zon ta l  hyd rau l i c  conduc t i v i t y  o f  1 .3x10 -2  fee t ^pe r  day  and  an
ave rage  ve r t i ca l  hyd rau l i c  conduc t i v i t y  o f  3 .8x1 -0 -5  fee t  pe r  day .
Shales and s i l ts tones wi th in  the Blackhawk Format ion were found
to have maximum hor izonta l  and ver t ica l  hydraul ic  conduct iv i t ies
o f  1 .0x1 -0 -7  and  l - . 2x10 -6  f ee t  pe r  day ,  r espec t i ve l y .

The  re l a t i ve l y  l a rge  hyd rau l i c  conduc t i v i t y  o f  t he  sand -
s tones  o f  t he  B lackhawk  Fo rmat ion  compared  w i th  the  s i l t s tones
and  sha les  i nd i ca tes  t ha t  t he  f i ne r -g ra i ned  sed imen ts  o f  t he
format ion serve as barr iers  to  the downward movement  of  water .
I n  s imp le  t e rms  r  € IS  wa te r  r echa rges  t he  B lackhawk  Fo rma t i on
(e i t he r  t h rough  snowme l t ,  r a in fa1 l ,  o r  subsu r face  seepage  f rom an
ad jacen t  f o rma t ion ) ,  i t  i s  pe rm i t t ed  to  pe rco la te  downward  w i th in
the  sands tone  beds .  Howeve r ,  upon  reach ing  a  l ess -pe rmeab le
s i l t s tone  o r  sha le  l aye r ,  t he  wa te r  i s  f o rced  to  f l ow  ho r i zon -
ta l l y  t o  t he  su r face ,  i ssu i .ng  a t  t he  i n te r face  be tween  the  two
un i t s .

No tab le  excep t i ons  to  the  above  genera l i t y  conce rn ing - the
B lackhawk  Fo rma t i on  occu r  a t  a  f ew  i p r i ngs  t ha t  i s sue  f r om
f rac tu red  sands tone  w i t h i n  t he  f o rma t i on .  Examp les  o f  t h i s
phenomenon were found in  the western por t ion of  the survey area
(SP-53  th rough  SP-58 ) ,  where  f l ow  ra tes  o f  up  to  l - 5  ga l l ons  pe r
minute were encountered dur ing both the June and October  inven-
to r i es .  T rave r t i ne  depos i t s  a re  common  a t  t hese  sp r i ngs ,
suggest ing that  the recharge area for  these spr ings is  dominated
by l imestone (probably  the Nor th Horn Format ion on the r idges to
the  no r th  and  wes t ) .  The  B lackhawk  Fo rmat ion  apparen t l y  se rves
more  as  a  conveyance  body  ra the r  t han  a  s ign i f i can t  sou rce  o f
wa te r  t o  these  sp r ings .

Seve ra l  seeps  and  sp r ings  i ssue  a t  t he  s i t e  f rom co l l uv ium
over ly ing sandstone of  the Blackhawk Format ion and the Cast legate
Sandstone.  These seeps normal ly  occur  in  dra inage bot toms where
sha l l ow  subsu r face  wa te r  co l l ec t s  a t  t opog raph i c  1ows .  Nea r I y
a l l  f l ows  f r om seeps  o f  t h i s  t ype  we re  i ns i gn i f i can t  i n  bo th
June  and  Oc tobe r ,  sugges t i ng  t i oge the r  w i t h  t he  t opog raph i c
posi t i -on)  that  these seeps are in termi t tent  in  nature.

Mos t  seeps  and  sp r ings  i ssu ing  w i th in  the  su rvey  a rea  f rom
the  Cas t l ega te  and  S ta r  Po in t  Sands tones  f l ow  f r om bedd ing
p lanes  w i t h i n  t hese  f o rma t i ons .  F l ows  i s su ing  i n  t h i s  manne r
we re  gene ra l l y  l ow  du r i ng  t he  June  i nven to r y  ( l ess  t han  one
ga1Ion per  minute)  and nonexis tent  dur ing the October  inventory.
On l y  occas iona l  usage  o f  t hese  sou rces  was  ev iden t  ( due  t o
i naccess ib i l i t y  and  l ow  f l ow  ra te ) .

As  no ted ,  f l ow  ra tes  measured  du r ing
gene ra l l y  s i gn i f i can t l y  l ess  t han  t hose
su rvey .  I n  June ,  a  to ta l  o f  80  seeps  o r
o f  wh ich  had  su f f i c i en t  f l ow  to  samp le  (

the October survey were
found  du r i ng  t he  June

spr ings htere found ,  34
the  rema in i ng  46  we re
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seeps  t ha t  cou ld  no t  be  samp led  ) .
o r i g i na l l y  d i scove red  we re  d r y .
on l y  as  seeps ,  w i t h  on l y  18  o f
su f f i c i en t  f l ow  t o  samp le .

I n  Oc tobe r ,  55  o f  t he  sou rces
An  add i t i ona l  7  sou rces  ex i s t ed
the  o r i g i na l  sou rces  con ta i n i ng

Gene ra l I y ,  sou rces  t ha t  had  a  f l ow  o f  app rox ima te l y  5
ga l l ons  pe r  m inu te  o r  l ess  i n  June  we re  d r y  o r  ex i s t ed  as  seeps
in  .Oc tobe r .  Sp r i ngs  w i t h  h i ghe r  f  l ows  i n  June  no rma l l y  v t e re
con t i nu ing  t o ' f l ow  i n  Oc tobe r .  No tab le  excep t i ons  occu r red  a t
SP-7 ,  SP-8 ,  and  SP-10 .  These  " sp r i ngs "  we re  f l ow ing  10 ,  20 ,  and
40  ga l l ons  pe r  m inu te r  r €spec t i ve l y ,  i n  June  bu t  we re  d r y  o r
ex i s t ed  on l y  as  a  seep  i n  Oc tobe r .  Da ta  p resen ted  i n  Tab le  7 - I
i nd i ca te  t ha t  t hese  sou rces  v re re  i s su ing  f r om snow  pa t ches  i n
June ,  sugges t i ng  tha t  mos t  (  i f  no t  a l l  )  o f  t he  f l ow  l t as  coming
f rom snow me l t .

As  no ted  i n  Sec t i on  7 . I . 2 .1 ,  t he  S ta r  Po in t  Sands tone  t ha t
immed ia te l y  unde r l i es  t he  H iawa tha  coa l  seam se rves  as  an
aqu i f e r .  Th i s  f o rma t i on  i s  r eg iona l l y  ex tens i ve  and  has  been
iden t i f i ed  as  an  aqu i fe r  f rom the  headwate rs  o f  Hun t ing ton  Canyon
(2O m i l es  no r t h  o f  t he  m ine )  t h rough  t he  Co t t onwood  C reek
wa te rshed  (15  m i l es  sou th  o f  t he  m ine ) .  I t  i s  suspec ted  t ha t  t he
S ta r  Po in t  Sands tone  se rves  as  an  aqu i fe r  t h roughou t  t he  Wasa tch
P la teau .

Du r i ng  t he  pe r i od  o f  Ma rch  and  Ap r i l  1987 ,  a  mon i t o r i ng  we l l
(MW- l )  was  i ns ta l l ed  a t  t he  C randa l l  Canyon  M ine  i n  t he  l oca t i on
ind i caLed  i n  F igu re  7 - I 4 .  Th i s  we l l  (wh i ch  may  a l so  se rve  as  a
wa te r - supp l y  we I l  f o r  t he  m ine )  was  d r i l l ed  us i ng  a i r - r o ta r y
methods  to  a  to ta l  dep th  o f  375  fee t  and  encoun te red  S ta r  Po in t
Sands tone  t h rough  i t s  en t i r e  dep th .  The  I i t ho logy  encoun te red
du r i ng  d r i l l i ng  and  t he  comp le t i on  o f  t he 'we l1  i s  i nd i ca ted  i n
F igu re  7 -3a .

The  d r i l l e r  i nd i ca ted  t ha t  t he  f o rma t i on  was  re l a t i ve l y
homogenous  excep t  i n  t he  zone  f rom 290  to  335  fee t ,  where  the
sands tone  became coa rse r .  I t  i s  f rom th i s  zone  tha t  t he  we l l  i s
p roduc ing  wa te r '  w i t h  wa te r  f i r s t  be ing  encoun te red  a t  a  dep th  o f
abou t  315  f ee t .  The  s ta t i c  wa te r  l eve1  app rox ima te l y  one  week
a f t e r  comp le t i on  o f  t he  we l l  was  a t  a  dep th  o f  186 .  I  f ee t  be low
g round  su r f ace r  i nd i ca t i ng  t he  p resence  o f  a  s i gm i f i can t  upward
p ressu re  componen t  (app rox ima te l y  130  fee t )  w i th in  the  sa tu ra ted
zone .

Fo l l ow ing  comp le t i on  o f  t he  we l l ,  a  s lug  tes t  v tas  pe r fo rmed
on  t he  we l l  t o  de te rm ine  t he  app rox ima te  hyd rau l  i c
cha rac te r i s t i c s  o f  t he  S ta r  Po in t  Sands tone  a t  t he  m ine  s i t e .
Th i s  t es t  was  pe r f o rmed  by  i nse r t i ng  app rox ima te l y  10  f ee t  o f
d r i l l  s tem be low  the  wa te r  su r face  and  a l l ow ing  the  wa te r  l eve l
t o  s tab i l i ze  ove r  a  pe r i od  o f  3 .75  hou rs .  A l t hough  wa te r  l eve l
r ecove ry  was  measu red  du r i ng  t h i s  pe r i od ,  t he  da ta  a re  no t
adequa te  f o r  s l ug - t es t  ana l ys i s  s i nce  t he  d r i l l  s t em was  p resen t
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LITHOLOGIC LOG

GREY TO TAN SANDY
SILTSTONE WITH
CLAYSTONE LENSES

COMPLETION LOG

ro"DRrLLHoLE

65/8 ' '  DIAMETER STEEL CASING
(To IOO')

AT  CEMENT GROUT

loo'

GREY TO TAN SANDSTONE
WITH MINOR CLAYSTONE
LENSES

"oPEN DRTLLHoLE

234'

GREY SANDSTONE WITH
SIGNIFICANT CLAYSTONE
INTERBEDDING.

WHITE TO GREY SANDSTONE
(WATER BEARING FROM
290 ' -  335 '

375, (TOTAL DEPTH)

F i g u r e  7 - 3 a .  W e l l  c o m P l e t i o n  a n d

7  -24
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wi th i n  t he  zone  o f  i n f l uence  o f  t he  i n j ec t i on  t es t ,  t hus
d i sp lac i ng  add i t i ona l  wa te r  du r i ng  t he  recove ry  pe r i od .

Fo l I ow ing  s tab i l i za t i on  o f  t he  wa te r  l eve l ,  t he  d r i l I  s t em
was  rap id l y  r emoved  f r om be low  the  wa te r  l eve l  and  t he  resu l t i ng
recove ry  t o  s ta t i c  cond i t i ons  was  measu red  f o r  a  pe r i od  o f  mo re
than  2  hou rs .  Da ta  co l l ec ted  f r om th i s  t es t  have  been  p rov ided
to  . t he  D i v i s i on  i n  a  l e t t e r  add ressed  t o  Mr .  Dave  C I i ne  f r om
R icha rd  B .  Wh i t e  o f  Ea r thFax  Eng inee r i ng ,  f nc .  and  da ted  Ap r i l
30 r  1987 .  Da ta  co l l ec l ed  f o r  t he  f i r s t  700  seconds  o f  t he  t es t
a re  p rov ided  i n  F i gu re  7 -3b .

Th .e  s lug  tes t  da ta  l ^ ' e re  ana lyzed  us ing  a  me thod  deve loped  by
Bouwer  and  R i ce  (1976 ) .  Acco rd ing  t o  t h i s  me thod ,

= 52 tn (R. /Jil_
2L

l- Yo
tyr ( 7 -a )

where  K
rc
rw

L
t

yo

=  hyd rau l i c  conduc t i v i t y  ( f ee t  pe r  duy )
=  rad ius  o f  t he  cas ing  ( f ee t . )
=  r ad ius  o f  t he  we l l
=  l eng th  o f  t he  sc reened  sec t i on  ( f ee t )
=  t ime  s ince  tes t  began  (  seconds  )
=  max imum d rawdown du r ing  tes t  o r  d rawdown immed ia te l y

f o l l ow ing  s l ug  i n j ec t i on  o r  w i t hd rawa l  ( f ee t )
y t  =  d rawdown a t  t ime  t  (  f ee t  )

1n (R . / r " )  =  an  emp i r i ea l  f unc t i on  o f  t he  aqu i f e r  pene t ra t i on ,  t he
rad ius  o f  t he  we l l  r  and  the  l eng th  o f  t he  sc reened
sec t  i on

For  the  s lug  tes t  conduc ted  a t  MW- l ,

r c  =  rw  =  4 .25  f t  ( ho Ie  d i ame te r  o f  6  i nches )
L  =  335 -290  =  45  f t  ( l eng th  o f  t he  p roduc ing  zone  acco rd ing  t o

the  d r i l l e r r s  r eco rds )
yo  =  2 .50  f t  ( see  F igu re  7 -3b )
Y t  =  2 . IO  f t  a t  t  =  400  s  ( see  F igu re  7 -3b )
l n  (R . / r 1n7 )  =  4 .  8  (  see  Ap r i l  30 ,  1987  subm i t t a l  )

Us ing  t hese  da ta ,  a  hyd rau l i c  conduc t i v i t y  o f  0 .1  f oo t  pe r  day
l . / as  ca l cu la ted .  Assum ing  t ha t  t he  45 - f oo t  p roduc ing  zone
accoun ts  f o r  t he  en t i r e  t h i ckness  o f  t he  aqu i f e r  a t  t he  l oca t i on
o f  l , lw -1 '  t h i s  va lue  conve r t s  t o  a  t r ansm iss i v i t y  o f  4 .5  squa re
fee t  pe r  day .  Th i s  t r ansm iss i v i t y  i s  s im i l a r  t o  t hose  measu red
by  L i nes  (1985 )  f r om pump ing  t es t s  pe r f o rmed  i n  t he  S ta r  Po in t
Sands tone  nea r  T ra i l  Moun ta in  app rox ima te l y  l 0  m i l es  sou thwes t  o f
C randa l l  Canyon .

Spec i f i c  i n f o rma t i on  conce rn ing  t he  p i ezome t r i c  su r f ace  i n
the  S ta r  Po in t  Sands tone  i n  t he  m ine  v i c i n i t y  i s  no t  ava i l ab le
due  t o  t he  gene ra l  l ack  o f  we l l s  i n  t he  a rea  and  t he  cu r ren t
p resence  o f  on l y  one  mon i t o r i ng  we l l  a t  t he  m ine  s i t e .  Howeve r ,
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qua l i t a t i ve  conc lus i ons  rega rd ing  f l ow  cond i t i ons  i n  t he  S ta r
Po in t  Sands tone  i n  t he  m ine  a rea  can  be  reached  f r om the
ava i l ab le  da ta .  A  p l an  t o  co l l ec t  s i t e - spec i f i c  da ta  f r om the
S ta r  Po in t  Sands tone  i s  ou t l i ned  i n  Sec t i on  7 . I . 6 .

Acco rd  i ng  t o  Dan ie l  son  e t  a1 .  (  198  I  )  ,  t he  f l ow0  o f
g roundwa te r  i n  t he  reg ion  i s  gene ra l l y  f r om h igh -e leva t i on
recharge  a reas  toward  ma jo r  canyons .  I f  g roundwa te r  i n  t he  S ta r
Po in t  Sands tone  was  f l ow ing  sou th  t owa rd  C randa l l  Canyon ,  t he
wa te r  t ab le  e l eva t i on  wou ld  be  h i ghe r  t han  t he  f l oo r  o f  t he  m ine
in  a reas  where  the  m ine  f l oo r  i s  a t  a  l ower  e leva t i on  than  the
canyon  bo t tom (  s ince  the  f l oo r  o f  t he  m ine  res ts  on  top  o f  t he
S ta r  Po in t  Sands tone ) .  Howeve r ,  i n f l ow  t o  t he  T rac t  I  m ine
work ing ' s  has  been  f rom the  roo f  on l y r  €v€ r  t hough  the  f l oo r  o f
t he  m ine  w i t h i n  t he  wes te rn  t h i r d  o f  t he  m ine  a rea  i s  be low  the
e leva t i on  o f  C randa l l  C reek .  I n  add i t i on ,  as  no ted  above ,  t he
dep th  t o  g roundwa te r  a t  t he  mou th  o f  t he  m ine  (a t  MW- l )  i s
app rox ima te l y  186  f ee t  be low  g round  su r fEC€ .  Thus ,  i t  i s
reasonab le  t o  assume  tha t  g roundwa te r  w i t h i n  t he  S ta r  Po in t
Sands tone  benea th  t he  m ine  f l ows  f r om Eas t  Moun ta in  eas twa rd
toward  Hun t ing ton  Creek .

I n  t he  a rea  o f  T ra i l  Moun ta in  (  l oca ted  app rox ima te l y  10
m i l es  sou thwes t  o f  C randa l l  Canyon )  t he  hyd rau l i c  g rad ien t  o f
g roundwa te r  i n  t he  S ta r  Po in t  Sands tone  va r i es  f r om abou t  0 .11
foo t  pe r  f oo t  i n  t he  recha rge  a rea  nea r  the  r i dge l i ne  to  abou t
0 .03  f oo t  pe r  f oo t  i n  t he  d i scha rge  a rea  i n  S t ra i gh t  Canyon
(L ines r  1985 ) .  Due  t o  t he  s im i l a r i t y  o f  t he  geo log i c  cond i t i ons
in  t he  two  a reas  (Wadde l1  e t  a I . 1  1981 ) ,  s im i l a r  hyd rau l i c
g rad ien t s  a re  expec ted  i n  t he  Eas t  Moun ta in  r echa rge  a rea  and
Hun t ing ton  Canyon  d i scha rge  a rea  r  yespec t i ve l y .

Usage  o f  seeps  and  sp r i ngs  w i t h i n  t he  su rvey  a rea  i s
con f i ned  en t i r e l y  t o  dee r ,  e l k ,  and  o the r  w i l d l i f e .  No  s i gns  o f
use  fo r  s tockwa te r ing  o r  human  consumpt ion ' v re re  no ted  i n  e i t he r
the  June  o r  Oc tobe r  i nven to ry .  As  wou ld  be  expec ted ,  w i l d l i f e
usage  o f  t he  sp r i ngs  i s  mos t  abundan t  whe re  f l ows  a re  g rea tes t
and  t he  sou rce  i s  mos t  access ib l e .

Da ta  con ta i ned  i n  Tab Ie  7 -L  i nd i ca te  t ha t  t he  spec i f i c
conduc tance  o f  wa te r  i s su ing  f r om sp r i ngs  i n  June  gene ra l l y
i nc reased  w i t h  i nc reas ing  s t r a t i g raph i c  dep th .  Th i s  i s  i n
ag reemen t  w i t h  t he  f i nd ings  o f  Dan ie l son  e t  a l .  ( 1981 ) .  Sp r i ngs
i ssu ing  f r om the  P r i ce  R i ve r  Fo rma t i on  t yp i ca l l y  had  a  spec i f i c
conduc tance  du r ing  the  June  su rvey  tha t  va r i ed  f rom 150  to  450
umhos/cm at  25 oC whi le  those issu ing f rom the Blackhawk Forrna-
t i on  and  S ta r  Po in t  Sands tone  had  a  spec i f i c  conduc tance  va ry i ng
f rom 500  to  1000  umhos /cm a t  25  oC.  Th i s .  i nc rease  i n  spec i f i c
conduc tance  i s  i nd i ca t i ve  o f  l each ing  o f  m ine ra l s  by  t he  g round -
wa te r  as  i t  f l ows  th rough  inc reas ing  d i s tances  o f  bed rock  to  the
lowe r  s t r a t i g raph i c  pos i t i ons .
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The  pH  o f  wa te r  i s su ing  f r om
showed  no  t rends  w i th in  o r  be tween
f rom 6 .  80  t o  8 .  57  ,  ave rag  i ng  7  , 7  4 .
s tudy  a rea  i s  s l i gh t l y  a I ka l i ne .

sp r i ngs  i n  t he  su rvey  a rea
fo rma t i ons .  Va lues  va r i ed

Hence ,  sp r i ng  wa te r  i n  t he

In  t hose  sp r i ngs  w i t h  su f f i c i en t  wa te r  t o  samp le ,  pH
gene ra l l y  i nc reased  s l i gh t l y  be tween  June  and  Oc tobe r .  I nc reases
no rma l l y  a rnoun ted  t o  0 .1  t o  0 .5  pH  un i t .  Spec i f i c  conduc tance
showed  no  cons i s ten t  pa t te rn  be tween  the  June  and  Oc tobe r  da ta ,
w i t h  app rox ima te l y  as  many  i nc reases  as  dec reases  be tween  June
and  Oc tobe r

Wa te r  t empe ra tu res  va ry  w ide l y  a t  t he  s i t e .  I n  gene ra l ,
t empe ra tu res  a re  l owes t  i n  sp r i ngs  i s su ing  f r om f r ac tu res  and
h ighes t  . i n  sp r i ngs  i s su ing  f r om sha l l ow  co l l uv i um ove r  bed rock .
Low  Lempera tu res  gene ra l l y  occu r red  i n  sp r i ngs  w i t h  r e l a t i ve l y
l ow  spec i f i c  conduc tances .

7. I .3  GROUNDWATER DEVELOPMENT AND MINE DEWATERING

7 .  1 .  3 .  1  Wa te r  Supp l y

As  no ted  p rev ious l y ,  none  o f  t he  seeps  o r  sp r i ngs  i nven to -
r i ed  du r ing  the  June  and  Oc tobe r  1985  su rveys  appeared  to  have
been  deve loped  f o r  bene f i c i a l  use .  Th i s  l ack  o f  deve lopmen t
i nc l udes  sp r i ngs  i s su ing  f r om the  S ta r  Po in t  Sands tone .  I n
add  i t i on  r  Do  wa te r  we l -1s  o the r  t han  MW-1  a re  known  to  ex i s t
w i t h i n  t he  s tudy  a rea  o f  t he  sp r i ng  i nven to r y .  Hence r  r r o
g roundwate r  deve lopmen t  has  occu r red  i n  t he  pas t  w i th in  the  m ine
p lan  o r  ad jacen t  a reas  o the r  t han  t he  d r i l l . i ng  o f  MW- l .

Tab le  7 -3  p resen t s  a  l i s t i ng  o f  g roundwa te r  r i gh t s  w i t h i n
the  pe rm i t  and  ad jacen t  a reas  as  ob ta ined  f rom the  f i l es  o f  t he
U tah  D i v i s i on  o f  Wa te r  R igh t s  i n  Augus t  I 985 .  Mo re  i ndep th
in fo rma t ion  conce rn ing  these  r i gh ts  i s  con ta ined  i n  Append ix  7 - I .
Loca t i ons  o f  t hese  r i gh ts  a re  no ted  on  F igu re  7 -4 .

A l t hough  t he  U .S .  Fo res t  Se rv i ce  has  ob ta i ned  r i gh t s  t o
ce r t a i n  sp r i ngs  i n  t he  a rea  f o r  s t ockwa te r i ng  ( see  Tab1e  7 -3  and
F igu re  7 -4 ) ,  t hese  sp r ings  showed  no  s igns  o f  cu r ren t  usage  fo r
s tockwa te r ing  du r ing  the  i nven to ry .  Add i t , i ona l l yT  a l t hough  the
S ta r  Po in t  Sands tone  se rves  as  an  aqu i f e r  i n  t he  reg ion ,
g roundwa te r  i s  no t  ob ta i ned  t he re f rom w i t h i n  t he  m ine  p l an  o r
ad jacen t  a reas .

The  sp r i ng  assoc ia ted  w i t h  wa te r  r i gh t  93 -1407  $ tas  no t
d i scove red  du r ing  the  seep  and  sp r ing  i nven to ry .  A l though  i t  i s
poss ib le  tha t  some seeps  v re re  m issed  du r ing  the  i nven to ry  (due  to
heavy  unde rg row th  and /o r  i naccess ib i l i t , y ) ,  t he  po ten t i a l  f o r
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miss ing  a  ma jo r  sp r i ng  i s  r emo te .  Hence ,  t h i s  sou rce  i s  l i ke l y
s im i l a r  t o  93 -1408  (SP-47 ) ,  wh i ch  ex i s t ed  on l y  as  a  seep .

7 .  1 .  3 .  2  I , l i ne  Dewa te r i ng

In f l ow  t o  t he  ex i s t i ng  unde rg round  wo rk i ngs  amoun ts  t o
app rox ima te l y  100  ga l l ons  pe r  m inu te .  These  i n f l ows  o r i g i na te
p r ima r i l y  i n ' gob  sec t i ons  nea r  t he  wo rk i ng  f ace  o f  t he  m ine .
Cur ren t l y ,  wa te r  encoun te red  i n  the  m ine  i s  used  underg round  in
the  m in ing  p rocess .  A  rnod i f  i ca t i on  o f  t he  NPDES pe rm iL  fo r  t he
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Table 7-3.  Groundwater  r ights  in  the mine p lan and adjacent  areas.

w. u.
C  l a i m
N o . Owner

F low
( c f s ) Use Per iod of  Use Source

93-L407

93 -1_408

93 - r_409

U.S .  Fo res t

U .S .  Fo res t

U .  S .  Fo res t

Serv ice

Serv ice

Serv ice

.01 -1

.011

.01_1_

Stockwater

Stockwater

Stockwater

June 6

"fune 6

June 6

to Aug

to Aug

to Aug

25

25

25

Spr ing

Spr ing

Spr ing
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Locat ion of  groundwater  r ights
Canyon area.

F igu re  7 -4 .

7 -26

in  the  Cranda l l



sed j -men ta t i on  pond  a t  t he  s i t e  i s  cu r ren t l y  be ing  sough t  t o
cove r  d i scha rges  f r om the  m ine  i f  amoun ts  encoun te red  t he re in
exceed  t he  requ i remen ts  f o r  unde rg round  use .  A l t hough  t h i s
po ten t i a l  d i scha rge  w i l l  be  cove red  by  t he  same  pe rm i t '  t he
underground water  wi l l  not  be d ischarged through the pond.

7.L.4 EFFECTS OF MINING OPERATION ON GROUNDWATER

The pr imary potent ia l  for  impacts to  the groundwater  system
w i l l  occu r  as  a  r esu l t  o f  subs idence .  To  es t ima te  t he  e f f ec t s
o f  subs idence  on  the  seeps  and  sp r ings  found  du r ing  the  f i e ld
i nven to r y ,  a  pos i t l ve  l im i t  ang le  o f  60o  f r om ho r i zon ta l  was
assumed .  Th i s  t im i t  ang le  i s  cons ide red  conse rva t i ve  f o r
es t ima t ing  po ten t i a l  subs idence  impac ts  s ince  Dunrud  (L976)  found
pos i t i ve  l im i t  ang les  t ha t  va r i ed  f r om 69o  i n  weak  ove rbu r -
den  to  75o  o r  more  i n  modera te l y  s t rong  ove rbu rden  i n  geo log i -
ca l l y  s im i l a r  a reas  i n  t he  Book  C l i f f s  m in i ng  d i s t r i c t ,  U tah  and
the  Sommerse t  m ln ing  d i s t r i c t ,  Co lo rado .

M ine  p l ans  f o r  t he  T rac t  I  a rea  i nd i ca te  t ha t  50  pe rcen t
ext ract ion wi l l  occur  throughout  the mine,  wi th  the except ion of
ba r r i e r  p i l l a r s  a t  t he  l ease  bounda r i es .  The  ba r r i e r  p i - l 1a r  a t
t he  sou th  l ease  bounda ry  has  been  des igned  t o  be  su f f i c i en t l y
w ide  to  p rec lude  subs idence  a long  Cranda l l  C reek ,  t hus  l im i t i ng
subs idence  i n  a reas  no r th  o f  t he  c reek  ( see  Chap te r  L2 ) .

Us ing  a  pos i t i ve  l im i t  ang le  o f  600 ,  t he  max imum a rea  o f
po ten t i a l  subs idence  was  de te rm ined  as  shown  in  F igu re  7 '5 .  As
no ted  by  th i s  f i gu re ,  LL  seeps  and  sp r ings  were  found  du r ing  the
June  f i e l d  i nven to r y  i n  t he  a rea  o f  po ten t i a l  subs idence .  A
compar i son  w i th  Tab le  7 -L  i nd i ca tes  tha t ,  w i th  the  excep t i on  o f
SP-46  and  SP-47 ,  a f l  o f  t hese  po ten t i a l l y  impac ted  sp r i ngs  i s sue
from the Blackhawk Format ion.  The two except ions issue as seeps
f rom bedd ing  p lanes  i n  t he  Cas t l ega te  Sands tone -

By  the  t ime  o f  t he  Oc tobe r  su rvey ,  on l y  one  sp r ing  (SP-30 )
was  f ound  w i t h i n  t he  a rea  o f  po ten t i a l  subs idence .  A l l  o t he r
seeps  and  sp r i ngs  d i scove red  du r i ng  t he  June  i nven to r y  i n  t he
area of  potent ia l  subsidence were dry dur ing the October  survey
due  to  na tu ra l  seasona l  va r i "a t i ons  i n  f  l ow .

The maximum f low encountered dur ing the June survey wi th in
the  a rea  o f  po ten t i a l  subs idence  was  one  ga I l on  pe r  m inu te  a t
SP-30 .  Th i s  f l ow  occu rs  as  d i f f use  seepage  above  t he  m ine
por ta l s  and  i s  co l l ec ted  i n  a  p ipe  and  rou ted  a round  the  po r ta l s
to prevent  problems at  the por1a1 face.  There were no s igns of
usage of  th is  spr ing dur ing the June inventory.

Deer  and  e l k  t racks  and  d ropp ings  were  no ted  i n  t he  v i c in i t y
o f  SP-38  and  SP-42 .  O the r  t han  these  two  seeps r  no  o the r  s igns
o f  usage  we re  seen  du r i ng  t he  June  su rvey  w i t h i n  t he  a rea  o f
po ten t i a l  subs idence .
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Based on th is  in format ion,  subsidence f rcm rn in ing in  Tract  I
w i l l  have  m in ima l  impac t s  on  wa te r  supp l i es  f r om seeps  and
sp r ings  i n  t he  v i c in i t y  o f  t he  m ine .  W i ld l i f e  usage  o f  wa te r  i n
the  a rea  o f  po ten t i a l  impac t  i s  essen t i a l l y  nonex i s ten t ,  i - nd i ca -
t i - ng  tha t  d i sp lacemen t  o f  w i l d l i f e  due  to  wa te r - supp ly  l oss  f rom
subs idence  w111  be  m in ima l . .

In f lows to  the mine are insuf f ic i -ent  to  requi re dewater ing
(see  Sec t i on  7  . L .3 .2 )  .  t { ence  ,  impac t s  due  t o  dewa te r i ng  a re
nonex i - s ten t .

Based  on  t he  i n fo rma t i on  p resen ted  i n  Sec t i on  7 .L .4 ,
subsidence f rom min ing in  the Genwal  lease area wi l l  have min imal
impac ts  on  g roundwate r  resou rces  i n  t he  v i c in i t y  o f  t he  m i -ne .
F low rates encountered dur ing the June inventory wi th in  the area
o f  po ten t i a l  subs idence  we re  m in ima l ,  even  t hough  t he  f i e l d
invest igat ion was conducted shor t ly  a f ter  the snow-mel t  per iod.
P r io r  t o  t he  Oc tobe r  su rvey ,  a l l  bu t  one  sou rce  had  d r i ed  up .
A l t hough  i t  i s  d i f f i cu l t  t o  de te rm ine  l ong - te rm  usage  o f  t he
spr ings in  the area f rom two seep and spr ing inventor ies,  the 1ow
f l ow  ra tes  encoun te red  a t  t he  sp r i ngs  w i t h i n  t he  a rea  o f
po ten t . i a i  subs idence  sugges ts  tha t  t hese  sp r ings  rep resen t  an
ins ign i f i can t  resou rce  to  the  1oca1  w i1d l i f e .  I f  f u tu re  mon i to r -
ing ef for ts  ind icate that  the mine is  impact ing local  spr ings,  a
m i t i ga t i on  p l an  spec i f i c  t o  t he  impac t  w i l l  be  deve loped  i n
consul ta t ion wi th  DOGM.

As  no ted  i n  Sec t i on  7 .L .3 ,  i nsu f f i c i en t  i n f l ows  a re  encoun-
te red  i n  t he  ex i s t i ng  unde rg round  wo rk i ngs  t o  r equ i re  m ine
dewater ing,  I f  amounts requi r ing d ischarge are encountered in
the  f u tu re ,  a  spec i f i c  p l an  w j - l 1  be  deve loped  i n  consu l t a t i on
wi th DOGM to mi t igate the impacts of  dewater ing on the ground-
water  svstem.

Should i t  be necessary to  develop a i ternat ive water  suppl ies
due to unexpected contaminat ion,  d iminuat ion r  oE in terrupt ion of
s i qn i f i can t  Loca l  sp r i ngs  as  a  d i r ec t  r esu l t  o f  m in i ng
ac t i v i t i es ,  t he  app l i can t  w i l l  con tac t  t he  D iv i s j -on  o f  W i ld1 j - f e
Resou rces  and  deve lop  p l ans  t o  i ns ta l l  a  guzz le r  on  a  case -
spec i f i c  bas i s .

The  wa te r  supp l v  f o r  use  i n
Cranda l l  C reek .  Hence ,  o the r  t han
w i t h i n  t he  m ine r  DO q roundwa te r
domes t j - c  o r  i ndus t r i a l  bu rposes .

7.L.5 MITIGATION AND CONTROL PLANS

the  m ine  i s  ob ta i ned  f r om
the  g roundwate r  encoun te red

i s  u t i l i zed  a t  t he  m ine  f o r
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7 .L.6 GROUNDWATER MONITORING PLAN.

As  no ted  i n  sec t i on  7 . t . 4 ,  on l y  one  sp r ing  was  found  du r ing
the June L985. :gep a lq spr ing survel i  w i th in  the area of  potent ia i
subs idence  w i th  a  f l ow  ra te  o f  a t  l eas t  on  ga l l on  pe ;  m inu te .
Th is  sp r ing  ( sP-30 ;  see  F igu res  7 -z  and  7 -3 )  bccu rs  as  d i f f use
seepage from the Blackhawk 

-Formation 
above the mine portals and

is  co l lected in  a p ipe to  avoid problems at  the por ta l  face.  A11
Tajgr  spr ings ( f lows of  a t  leas l  f ive gal lons p. r  minute)  found
dur ing the June L985 survey were located outs ide of  the area of
pot .ent ia l  subsidence.

Groundwate r  mon i to r i ng  fo r  t he  Cranda l l  Canyon  M ine  a rea
w i l l  i nc lude  co l l ec t i on  o f  wa te r  qua l i t y  and  quan t i t y  da ta  f rom
six  spr ings as wel l  as points  of  s ign i f i -ant  ink low to the under-
g round  wo rk i ngs ,  sp r i ngs  t o  be  i nc l uded  i n  t he  g roundwa te r
mon i t o r i ng  p rog ram a re  shown  on  F igu re  7 -2 .  uon i t o r i ng  o f
groundwater  as presented here in wi l l  commence in  June L9go.

SP-30  and  SP-36  w i l l  be  mon i to red  to  de te rm ine  po ten t i a t
impacts in  the immediate v ic in i ty  o f  the mine.  Sp-30 was chosen
because  i t  i s  ! h .  on l y  sp r i ng -  w i t h i n  t he  a rea  o f  po ten t i a l
subsidence that  had a f low rate bf  a t  least  one gal lon per  minute
du r i ng  t he  June  1985  i nven to r y .  sp -36  was  chosen  because  i t
i ssues  ad jacen t  t o  the  a rea  o f  l o ten t i a r  subs - idence  and  had  a
f low rate dur ing the June 1985 inventory that  was of  suf f ic ient .
magni tude ( two gal lons per  minute)  to  suggest  some permanence.

SP-58 wi l l  be moni tored as an ind icator  o f  long- term changes
in groundwater  issu ing f rom the Blackhawk Format ion in  an area
that  wi l l -  not  be af fected by min ing operat ions. .  The magni tude of
these changes wi l l  be usefu l  when-  in lerpret ing changes at  sp-30
and  SP-36 .

SP-47  'w i l l  
be  mon i to red  s ince  a  wa te r  r i gh t  has  been  f i l ed

on  t h i s  sp r i ng  by  t he  u . s .  Fo res t  se rv i ce  ( see  sec t i on  7 .1 .3 . r ) .
Sp r ings  SP-19  and  SP-22  w i l l  be  mon i to red  as  i nd i ca t i ons  o f  t he
water  supply  in  the upper  reaches of  B l ind Canyon.

Four  samp les  w i l l  be  co l l ec ted  f rom each  o f  t he  rnon i to red
sp r ings  annua11y .  w i th  the  excep t i on  o f  sp -30 ,  each  sp r ing  w i l l
be moni tored at  month ly  incremenls dur ing the accessib le  por t ion
o f  _ the  yea r  {genera l l y  June  th rough  sep tember ) .  These  samp les
w i l l  be  co l l ec ted  as  c l ose  as  posJ iu l e  t o  t he  po in t  o f  i s suance
o f  t he  sp r ings .  samp les  w i r l  oe  ana lyzed  acco id ing  to  the  r i s t
o f  pa rame te rs  i n  Tab le  7 -5  f o r  a  p j r i od  o f  two  f ea rs .  Eve ry
f i f t h  yea r  ( 1990 ,  L995 t  e t c . ) ,  samp lJs  co l l ec ted  cu r i ng  t he  l ow-
f l ow  pe r iod  o f  t he  yea r  ( t he  f i na l  samp le  o f  t he  yea r )  w i l l  a l so
be  ana l yzed  acco rd ing  t o  t he  l i s t  o f  pa ra rne te r s  con ta i ned  i n
Tab le  7 -5  (as  reques ted  i n  gu ide l j . nes  f i om DOGM) .  Fo l l ow ing  the
in i t ia l  two-year  per iod and samples other  than the 1ow-f1ow
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7 -4 . Abbrev iated groundwater  analys is  1 is t .

F ie ld  Measuremen ts :

Water  level  or  f low
pH
Speci f ic  conductance (umhos/cm)
Temperature (oC)

a

Laboratory Measurements :

To ta1  d i sso l ved  so l i ds
To ta l  ha rdness  (as  CaCO3)
Bicarbonate (as HCO3)
Carbonate {as CO3)
Ca lc ium {as  Ca)
Ch lo r i de  (as  C I  )

D isso l ved  j - ron  {as  Fe }
Magnesium (as Mg)
Manganese {as Mn)
Po tass ium (as  K )
Sod ium (as  Na)
Su l fa te  (as  SOa)
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Tab1e  7 -5 . Ex tended  g roundwate r  ana lys i s  1 i s t .

F i e l d  Measu remen ts :

Wate r  l eve l  o r  f l ow
pH
Speci f ic  conductance (umhos/cm)
Tempera tu re  (oC)

Laboratory Measurements :

To ta l  d i sso l ved  so l i ds
To ta l  ha rdness  (as  CaCO3)
A lum inum (as  A1 )
A rsen i c  ( as  as  )
Ba r i um (as  Ba )

B ica rbona te  (as  HCO3)
Bo ron  (as  B )
Carbona te  (as  COf )
Cadmium (as  Cd)
Ca l c i um (as  Ca )

Ch lo r i de  (as  C f )
Chromium (as  Cr )
Copper  (as  Cu)
F luo r i de  (as  F )
D i sso l ved  i r on  (as  F )

Lead  (as  Pb )
Magnesl -um (as Mg )
Manganese  (as  Mn)
Mercu ry  ( as  Hg )
Molybdenum (as Mo)

N i cke l  ( as  N i  )
N i t rogen-Ammon ia  (as  NH3)
N i t r i t e  ( as  NO2)
N i t ra te  (as  NO3 )
Po tass ium (as  K )

Phospha te  (as  POa)
Se len ium (as  Se )
Sod ium (as  Na )
Su l f  a te  ( as  SO4  )
Su l f  i de  (as  S  )
Zinc (as Znl

7 -32 Mid -Te rm Rev iew 2 -L '86



As  i nd i ca ted  p rev ious l y ,  Genwa l  has  i ns ta l l ed  one  mon i t o r i ng
we l l  (MW- I )  nea r  t he  m ine  po r t a l  i n  t he  l oca t i on  i nd i caLed  on
F igu re  7 - I 4 .  A l t hough  i n  p rev ious  rev i s i ons  t o  t h i s  PAP  Genwa l
had  p rev ious l y  commi t t ed  t o  d r i l l i ng  two  add i t i ona l  mon i t o r i ng
we l l s  underg round  (one  nea r  the  no r theas t  co rne r  o f  T rac t  2  and
one  nea r  t he  sou thwes t  co rne r  o f  T rac t  21 ,  t he  g rea t  dep th  t o
wa te r  i n  t he  S ta r  Po in t  Sands tone  benea th  t he  m ine  (w i t h  wa te r
f i r s t  be ing  encoun te red  a t  a  dep th  o f  app rox ima te l y  290  f ee t  i n
MW-1 . )  makes  ' i t  i n f  eas ib l e  and  cos t -p roh ib i t i  ve  t o  d r i l l
mon i t o r i ng  we I l s  unde rg round .  Thus ,  Genwa l  p roposes  t o  u t i l i ze
on l y  one  mon i t o r i ng  we l l  a t  t he  s i t e .

Wate r -1eve1  measuremen ts  and  wa te r -qua l i t y  samp les  w i l l  be
co l l ec t ' ed  f rom MW-1  qua r te r l y  beg inn ing  Apr i l  1987 .  Dur ing  the
f i r s t  two  yea rs  f o l l ow ing  we l l  comp le t i on  and  eve ry  f i f t h  yea r
t he rea f t e r  du r i ng  t he  ope ra t i ona l  pe r i od  o f  t he  m ine ,  wa te r -
qua l i t y  samp les  w i l l  be  ana l yzed  acco rd ing  t o  Tab le  7 -5 .  Du r i ng
in te r im  yea rs ,  wa te r  qua l i t y  samp les  w i l t  be  ana l yzed  acco rd ing
to  t he  l i s t  p rov ided  i n  Tab le  7 -4 .  Th i s  mon i t o r i ng  schedu le  w i l l
con t i nue  un t i l  two  yea rs  a f t e r  t he  comp le t i on  o f  su r f ace
rec lama t i on  ac t i v i t i e s .

Groundwate r  mon i to r i ng  da ta  co l l ec ted  f rom the  a rea  w i l I  be
submi t ted  to  DOGM on  a  qu l r t e r l y  bas i s  t h rough  the  ope ra t i ona l
pe r i od  o f  t he  m ine .  On  an  annua l  bas i s ,  a  r epo r t  w i l l  be
submi t ted  to  DOGM summar i z ing  a l l  da ta  co l l ec ted  du r ing  the  yea r
and  con ta i n i ng  an  ana l ys i s  o f  t he  m ine  wo rk i ng  wa te r  ba lance ,
accoun t i ng  f o r  m ine  i n f l ows r  ou t f l ows ,  consump t i ve  uses ,  and  sump
s to rage .

Fo l l ow ing  t he  comp le t i on  o f  m in i ng  ac t i v i t i e s  and  du r i ng  t he
pos t -m in i ng / rec l ama t i on  pe r i od ,  wa te r - I eve }  and  qua l i t y  samp les
w i l l  be  co l l ec ted  annua l l y  f rom the  des igna ted  sp r ings  and  MW- l
un t i l  t he  t e rm ina t i on  o f  bond ing .  Samp les  w i l l  be  co l l ec ted
dur ing  the  l a t t e r  po r t i on  o f  t he  su f i lmer  to  rep resen t  l ow- f l ow
cond i t i ons .  Samp les  t hus  co l l ec ted  w i l l  be  ana l yzed  f o r  t he
paramete rs  l i s ted  i n  Tab1e  - l - 4 .  Fo l l ow ing  rece ip t  o f  t he  wa te r -
qua l i t y  da ta  f rom the  l abo ra to ry ,  a  repo r t  w i l l  be  submi t ted  to
DOGI {  on  an  annua l  bas i s  sunmar i z ing  the  resu l t s  and  assess ing
min ing  impac ts  and  sys tem recove ry  s ince  m in ing  ceased .
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7 .2  SURFACEWATER HYDROI,OGY

7 .2 .0  SCOPE

Sec t i on  7 .2  p resen t s  a
t ions wi th in  the Tract  1  mine
sions drawn here in are based
area  and  pub l i shed  hyd ro log i c

7 .2 .L  METHODOLOGY

7 .2  . 1 -  .  1  Gene ra l

d i scuss ion  o f  su r face  wa te r  cond i -
p l an  and  ad jacen t  a reas '  Conc lu -

upon  a  f i e ld  reconna issance  o f  t he
in fo rma t ion .

The  U .S .  Geo log i ca l  Su rvey  es tab l i shed  a  gag ing  s ta t i on  a t
the  mou th  o f  C randa l l  C reek  i ;  1 ,978 .  Da ta  co l l ec ted  f rom th i s
s ta t i on  we re  ob ta i ned  f r om the  Wa te r  Resou rce  D i v i s i on  o f  t he
USGS in  Sa l t  Lake  C i t y  and  used  to  de te rm ine  seasona l  va r i a t i ons
in  f l ows  i n  a reas  ad jacen t  t o  t he  m ine  p l an  a rea .  S t ream
channe ls  c ross ing  the  T rac t  l -  a rea  a re  a I l  ephemera l  i n  na tu re ,
w i th  no  s t reamf low  da ta  be ing  ava i l ab le .

7 .2 .L .2  Runo f f  and  Sed imen t  Con t ro l

Wate rshed  boundar ies  used  to  de te rm ine  runo f f  cond i t i ons  a t
the  s i t e  a re  shown  on  P la te  - J -3 .  Da ta  ob ta ined  f rom these  wa te r -
sheds  were  i npu t  t o  a  compu te r  code  deve loped  by  Hawk ins  and
Marsha l l  ( L979)  to  genera te  runo f f  hyd rog raphs  fo r  t he  J -O-yea r '
24 -hou r  s to rm requ i red  fo r  des ign ing  va r ious  fac i l i t i es .  I n f l ow
hydrog raphs  to  and  ou t f l ow  hyd rog raphs  f rom the  sed imen ta t i on
pond  we re  deve loped  f o r  t he  25 -yea r ,  Z | - hou r  s t o rm  us ing  t he
hyd ro logy  and  sed imen to logy  mode l  SEDIMOT I I  (Warne r  e t  d1 . '
1980 ;  W i l son  e t  a l . ,  1980 ) .  Bo th  o f  t hese  codes  mode l  r uno f f
us ing  the  ra in fa l l - runo f f  f unc t i on  and  t r i angu la r  un i t  hyd rog raph
o f  t he  U .S .  So i l  Conse rva t i on  Se rv i ce  (L972 ) .

Acco rd ing  to  the  U .S .  So i l  Conse rva t i on  Serv i ce  
' ( L972 l ,  

,  t he
a lgeb ra i c  and  hyd ro log i c  r e l a t i ons  be tween  s to rm  ra i n fa l l ,  so i l
mo is tu re  s to rage ,  and  runo f f  can  be  exp ressed  by  the  equa t ions

n  -  (P -o  . 2 i l 2v - -F':m-3-

1000
CN

7-34

(7 -1 )

(7 -21
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S = l -0



where  0  =  d i rec t  runo f f  vo lume ( i nches )
S  =  wa te rshed  s to rage  fac to r  ( i nches )
P  =  ra i n fa l L  dep th  ( i nches )

CN =  runo f f  cu rve  number  (d imens ion less )

I t  shou ld  be  no ted  t ha t  ( a )  Equa t i on  (7 -1 )  i s  va l i d  on l y  f g r
p )=0 .2S  (o the rw i se  e=0 ) ,  ( b )  nqu l t i on  (7 -21 ,  as  s ta ted ,  i s  i n
inches,  wi th  the va lues of  1000 and l -0  carry ing the d imensions of
i nches ,  d l t hough  me t r i c  conve rs ions  a re  poss ib le r  dnd  ( c )  CN i s
on l y  a  conv in ien t  t rans fo rma t ion  o f  S  to  es tab l i sh  a  sca le  o f  0
to  l - 00  and  has  no  i n t r i ns i c  mean ing .

The average curve number for  undis turbed areas was obta ined
f rom the  cu rves  p resen ted  i n  F i gu re  7 -6  us i ng  measu red  cove r
dens i t i es  as  repo r ted  i n  Chap te r  9  o f  t he  Pe rm j - t  App l i ca t i on
Package  f o r  T rac t  2 .  A  cu rve  number  o f  69  was  t hus  ob ta i ned
fo r  t he  und is tu rbed  a reas ,  assuming  a  hyd ro log i c  so i l  g roup  o f  C .

The t rans lat ion of  the runof f  depth to  an out f low hydrograph
is  accomp l i shed  i n  the  codes  us ing  the  t r i angu la r  un i t  hyd rog raph
o f  t he  U .S .  So i l  Conse rva t i on  Se rv i ce  (L9721 .  Th i s  un i t  hyd ro -
g raph  i s  shown  i n  F igu re  7 -7  a l ong  w i t h  a  t yp i ca l  cu r v i l i nea r
hyd rog raph .  I t  i s  cha rac te r i zed  by  i t s  t ime  t o  peak  (Tp ) ,
recess ion  t ime  (Ta )  ,  t ime  o f  base  (T l )  ,  and  the  re la t i ons  be tw-een
these  pa rame te rs  ( i . e . ,  T r=1 - . 67Tp ;  Tb=2 .67Tp1  .  Thus r  f r om thq
geomet ry  o f  a  t r i ang i .e ,  t he  i nc rem6n ta l  runo f f  (O)  can  be  de f i ned
by the equat ion

The  cu rve  number  f o r  d i s t u rbed
chosen  f rom p ro fess iona l  j udgemen t  and
by  t he  U .S .  So i l  Conse rva t i on  Se rv i ce
value of  90 was used for  the pad and
a reas  w i t h i n  t he  d i s t u rbed  a rea ,  a
assumed .

and  rec l a imed  a reas  was
tabu la ted  va lues  P resen ted

tL972 ) .  Acco rd ing lY '  a
road  a reas .  Fo r  rec la imed

cu rve  number  o f  75  was

(7 -3 )

(7 -4 ] .

or

where gp =

and other

When
in inches

w i l l  b e
d e t e r -

2 - L - 8 6

A _ (2 .67ro)  (qn)

ep-ry
peak  f l ow  ra te  (d imens ioned  acco rd ing  to  Q  and  T )

pa ramete rs  have  been  p rev ious l y  de f i ned -

AQ i s  exp ressed  i n  i nches  and  Tp  i n  hou rs ,  9p
pe r  hou r .  The  f l ow  a t  any  t ime 'O< t<T r  may  be
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EXCESS RAINFALL

MASS CURVE
OF TRIANGLE

POINT OF INFLECTION

r/Tp

F igu re  7 -7 .  Curv i l i nea r  and  t r i angu la r  un i t  hyd rog raphs  ( f rom

U.S .  So i l  Conse rva t i on  Se rv i ce  '  L9721  '
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mined  by  s imp le  I i nea r  p ropo r t i on ing  o f  t he  t r i angu la r  un i t
hyd rog raph .  The  t j -me  t o  peak  i s  r e l a ted  t o  t he  f am i l i a r
express ion t ime of  concentrat ion (Tc)  by the equat ion

Tc  +  t  =  1 .7Tp (7-s)

i n  wh i ch  t he  f ac to r  L .7  i s  an  emp i r i ca l  f i nd i ng  c i t ed  by  t he
U .S .  So i l  Conse rva t i on  Se rv i ce  (L972 ! . .

The  t ime  o f  concen t ra t i on  may  be  es t ima ted  by  seve ra l
fo rmu las .  Fo r  t h i s  repo r t ,  Tc  was  de te rm ined  f rom the  fo l l ow ing
equa t i ons  (U .S .  So i l  Conse rva t i on  Se rv i ce ,  L9721 .  z

-  (o 'B  1s* t )o '7-  
, ' J

1 9 0 0  Y v  '
(7  -6 ) .

and

where [, =

I=
S=
Y=

T

Tc  =  L ' 67L

wa te rshed  1ag  (hou rs )
hydraul ic  length of  the watershed
the main channel  to  the watershed
watershed storage factor  def ined
ave rage  wa te rshed  s lope  (pe rcen t )
t ime  o f  concen t ra t i on  (hou rs )

D i ve rs i ons  we re  des igned  t o  convey  runo f f  f r om an  und i s -
t u rbed  a rea  away  f r om the  d i s t u rbed  s i t e  us i ng  t he  Mann ing
and  con t i nu i t y  equa t i ons :

\ , 2  =  l - . 486  R0 .67  s0 .50
n

(7  -7 ) .

,  o r  d i s tance  a long
d i v i de  ( f ee t )

i n  Equa t i on  (21

(7 -8 )

and

O=AV (7-e l

where  V  =  ve loc i t y  ( f ee t  pe r  second)
Q =  hyd rau l i c  rad ius  ( fee t )
S  =  hyd rau l i c  s l ope  ( f ee t  pe r  f oo t )
n  =  roughness  coe f f i c i en t
0  =  d i scha rge  ( cub ic  fee t  pe r  second)
A  =  f l ow  a rea  ( square  fee t )

Va lues  o f  t he  roughness  coe f f i c i en t  requ i red  fo r  t he  so lu t i on  o f
Equa t ion  (7 -8 )  we- re  ob ta ined  by  compar ing  l oca l  cond i t i ons  w i th
tabu la ted  va lues  p rov ided  by  the  U . -S .  So i l  Conse rva t i on  Serv i ce
(1956 ) .  An  emp i r i ca l  f o rmu la  deve loped  by  Ande rson  e t  a l .  ( 1970 )

was  used  t o  de te rm ine  t he  roughness  coe f f i c i en t  f o r  r i p rap
l i n i ngs .
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Ca lcu la t i ons  w i th  Equa t ions  (7 -B )  and  (7 -9 )  were  pe r fo rmed
us ing  an  i t e ra t i ve  compu te r  code  en t i t l ed  TRAPI -  as  ob ta i ned
f rom the  U .S .  O f f i ce  o f  Su r face  M in ing  and  ou t l i ned  by  We ide r
e t  a l .  ( 1983 ) .  Th i s  code  r ^ / as  used  t o  de te rm ine  f  l ow  cond i t i ons
in  the  d i ve rs ion  channe l  a t  t he  des ign  f l ow  ra te .

The  sed imen ta t i on  pond  a t  t he  downs t ream edge  o f  t he  s i t e
has  been  des igned  w i th  a  p r imary  and  emergency  sp i l lway .  The
p r ima ry  sp i l lway  cons i s t s  o f  a  CMP r j - se r  and  p i pe  t h rough  t he
embankment  whi le  the emergency sp i l lway consis ts  of  a  r iprapped
over f low at  the corner  of  the embankment .

At  Iow heads,  the hydraul ic  capaci ty  of  the pr imary sp i l lway
behaves  as  a  we i r .  Acco rd ing  t o  Ba r f i e l d  e t  a1 .  ( 1981 )  '  t he
equa t ion  fo r  we i r - con t ro l l ed  f l ow  i s

O  =  91 ,g1 - ' 5

where  Q  =  d i scha rge  ( cub ic  fee t  pe r  second)
C  =  we i r  coe f f i c i en t
L  =  l eng th  o f  t he  we i r  ( f ee t )
H = depth of  water  above the wei r  crest  ( feet )

(  7 -10  )

A  va lue  o f  t he  we i r  coe f f i c i en t  equa l  t o  3 .1 -  was  se lec ted
s ince  the  s t ruc tu re  w i l l  ac t  as  a  b road -c res ted  we j - r  (Ba r f i e ld
e t  a } .  ,  l - g8L )  .  The  l eng th  o f  t he  we i r  i s  equa l  t o  t he  c i r cumfe r -
ence  o f  t he  CMP r i se r .

As the depth of
ac t s  l i ke  an  o r i f i ce .
e t  a l . ,  l - 981 - )

water  increases above the
The  equa t ion  fo r  o r i f i ce

0  =  C 'A (2gH)0 .5

r i se r ,  t he  r i se r
f l ow  i s  (Ba r f i e l d

(7-r_r  )

(7 -Lz l

where  C '  =  o r i f  i ce  coe f  f  i c i . en t
A  =  c ross -sec t i -ona l  a rea  o f  t he  i n le t  ( squa re  fee t )
g  =  g rav i ta t i ona l  cons tan t  ( f ee t  pe r  second  squared )

and  o the r  pa ramete rs  have  been  p rev ious l y  de f i ned .  A  va lue  o f
0 .60  was  se lec ted  f o r  t he  o r j - f i ce  coe f f i c i en t  based  on  gu ide l i nes
p resen ted  by  Ba r f i e l d  e t  a1 .  ( l - 9B l - ) .

P ipe  f l ow  occu rs  when  t he  head  i nc reases  su f f i c i en t l y  t o
cause  the  ou t l e t  o f  t he  d i scha rge  p ipe  l ead ing  f rom the  r i se r  t o
f l ow  f u1 I .  The  d i scha rge  capac i t y  o f  t he  cu l ve r t s  unde r  p i pe
f l ow  cond i t i ons  was  de te rm ined  us ing  the  equa t ion

O =  A  (  2gH ,  10  . 5  /  ( 1+K"+Ko+ t1 .1 ;  0 .5

where  H '  =  head  on  the  p ipe  ( fee t )
Ke  =  en t rance  l oss  coe f f i c i en t
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Kb =  bend  loss  coe f f i c i en t
Kc  =  f r i c t i on  l oss  coe f f i c i en t

and  a l l  o the r  pa ramete rs  have  been  p rev ious l y  de f i ned .  Va lues
o f  1 .0 ,0 .5 ,  and  0 .062  we re  used  f o r  Ke ,  Kb ,  and  Kg r , r espec t i ve l y
based  on  i n fo rma t i on  p rov ided  by  Ba r f i e l d  e t  a l .  ( 1981 ) -

The  d i scha rge  capac i t y  o f  t he  emergency  sp i l lway  was
de te rm ined  us ing  a  me thod  deve loped  by  the  U .S .  So i l  Conse rva t i on
Serv i ce  ( l - 968 )  and  expanded  by  Bar f  i e ld  e t  a1 .  (1 -981 - )  f o r  b road -
c res ted  we j - r s .  Acco rd ing  t o  t h i s  me thodo logy r  t he  c r i t i ca l
spec i f i c  ene rgy  head  (Hec )  i s  de te rm ined  fo r  se lec ted  va lues  o f
the  ene rgv  head  o f  wa te r  i n  t he  pond  (Ho)  f rom F igu re  7 -8 .  The
d i scha rge  capac i t y  o f  t he  sp i l lway  i s  t hen  ca l cu la ted  f o r  t he
s tandard  100 - foo t  w ide  rec tangu la r  sec t i on  f rom the  equa t ion

9r  =  (o  .5441  (90 .5 )  (Hec l .51  1 r00) ( 7 -1_3  )

where  9 r  =  d i scha rge  fo r  s tandard  10O- foo t  rec tangu la r  sec t i on
(cub ic  fee t  pe r  second)

and  a l l  o the r  pa ramete rs  have  been  p rev ious l y  de f i ned .  The  f l ow
is  then  co r rec tec l  f o r  a  t rapzo ida l  sec t i on  us ing  the  equa t ion

q  =  ( [ ] - . 5 b  1  z H s c ) / t S O )  ( q r ) ( 7  - L4 l

where  q  =  co r rec ted  d i scha rge  ( cub ic  fee t  pe r  second)
b  =  bo t tom w i th  o f  channe l  ( f ee t )
z  =  channe l  s i de  s1ope ,  j r un  ove r  r i se  -  d imens ion less )

llaq'" '

The hydraul ics of  lJne ; ; { i i tway system was determined by assuming
the  pond  was  dewa te re {  t o  thJ  top  o f  t he  sed imen t  s to rage  l eve l
p r i o r  t o  i n f l ow  f rom the  25 -yea r ,  24 -hou r  s to rm.

7  . 2 .L .3  S tab i  1 i t y  Ana l yses

Due  to  space  res t r i c t i ons ,  t he  sed imen t  pond  fo r  t he  m ine
s i te  was  des igned  w i th  ups t ream and  downs t ream s lopes  bo th  equa l
t o  2h :  l - v .  S ince  UMC A f  Z .46  (m)  r equ i res  a  comb ined  s l ope  o f
5h : l - v ,  a  s t ab i l i t y  ana l ys i s  was  conduc ted  t o  ensu re  t ha t  t he
pond  embankmen t ,  as  des igned ,  wou ld  be  s tab le .

The  s tab i l i t y  ana lys i s  was  conduc ted  us ing  a  m ic rocompu te r
ve rs i on  o f  t he  p rog ram en t i t l ed  STABL2  (S iege l  '  l - 978  )  .  The
mod i f i ed  B i shop  me thod  was  used  t o  ca l cu la te  t he  f ac to r  o f
sa fe ty  under  s ta t i c  cond i t i ons .  S tab i l i t y  was  mode led  assuming
bo th  f u1 I  and  emp ty  ponds ,  bo th  w i t h  and  w i t hou t  t he  des igned
c lay  l i ne r  f unc t i on ing .

4
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7 .2 .2  EX IST ING SURFACE WATER RESOURCES

7 .2 .2 .L  Reg i . ona l  Su r face  Wa te r  Hyd ro logy

Cranda I l  C reek  i s  an  eas t - f l ow ing  t r i bu ta ry  o f  Hun t ing ton
Creek ,  one  o f  t he  ma jo r  t r i bu ta r i es  o f  t he  San  Ra fae l  R i ve r .
Hun t ing ton  Creek  had  annua l  f l ows  nea r  Hun t ing ton  rang ing  f rom
25 ,OO0  to  L50 ,000  ac re - f ee t  du r i ng  t he  pe r i od  o f  Oc tobe r  l - 93 f
t h rough  Sep tember  L973 ,  ave rag ing  65 r000  ac re - f ee t  pe r  yea !
(Wadde l l  e t  d1 . ,  1981 )  .  Va r i a t i ons  i n  t he  annua l  f l ow  o f
Hun t i ng ton  C reek  nea r  Hun t i ng ton  a re  po r t r ayed  g raph i ca l l y  i n
F igu re  7 -9 .

Approx imate lv  50 to  70 percent  o f  s t reamf low in  the mounta in
st reams of  the regi -on occurs dur ing May through July  (Waddel l  e t
d1 . ,  1981 - ) .  S t reamf l ow  du r i ng  t h i s  l a t e  sp r i ng /ea r1y  summer
per iod  i s  t he  resu l t  o f  snowme l t  runo f f .

The  qua l i t y  o f  wa te r  i n  Hun t ing ton  Creek  and  o the r  s im i l a r
s t r eams  i n  t he  a rea  va r i es  s i gn i f i can t l y  w i t h  d i s t ance  down-
s t ream.  Wadde l l  e t  a1 .  ( 1981 )  f ound  t ha t  concen t ra t i ons  o f
d i sso l ved  so l i ds  va r i ed  f r om L25  t o  375  m i l l i g rams  pe r  l i t e r  i n
reaches  o f  ma jo r  s t reams  above  ma jo r  d i ve rs ions  to  1600  to  4025
mi l l i g rams  pe r  l i t e r  i n  r eaches  be low  ma jo r  i r r i ga t i on  d i ve rs i ons
and  popu la t i on  cen te rs .  The  ma jo r  i ons  a t  t he  upper  s i t es  were
found  to  be  ca l c ium,  magnes ium,  and  b i ca rbona te ,  whereas  sod ium
and  su l f a te  became  more  dom inan t  a t  t he  l owe r  s i t es .  They
a t t r i bu ted  these  changes  to  (a )  d i ve rs ion  o f  wa te r  con ta in ing  l ow
d j - sso l ved  so l i ds  concen t ra t i ons ,  ( b )  subsequen t  i r r i ga t i on  and
re tu rn  d ra inage  f rom modera te  to  h igh l y  sa l i ne  so i l s ,  ( c )  g round-
wa te r  seepage ,  and  (d )  i n f l ow  o f  sewage  and  po l l u t an t s  f r om
popu la t i on  cen te r s .

Ave rage  annua l  sed imen t  y ie lds  w i th in  the  Hun t ing ton  Creek
d ra inage  bas in  range  f rom approx ima te l y  0 .1  ac re - fee t  pe r  squa re
m i l e  i n  t he  headwa te rs  a rea  t o  abou t  3 .0  ac re - f ee t  pe r  squa re
mi le  nea r  t he  con f l uence  w i th  the  San  Ra fae l  R ive r  (Wadde l l  e t
d1 . ,  1981 - )  .  I nc reases  i n  sed imen t  y i e l d  w i t h  i nc reas ing  d i s t ance
downs t ream i s  gene ra l l y  t he  resu l t  o f  i nc reas ing  amoun ts  o f
sha le  and  sands tone  i n  the  downs t ream d i rec t i on  (Wadde l l  e t  o1 . ,
t_9Br_ )  .

7 .2 .2 .2  M ine  P lan  A rea  Su r face  Hyd ro logy

The  T rac t  1  a rea  i s  d ra i ned  en t i r e l y  by  ephemera l  wa te r -
sheds .  These  wa te rsheds  a re  s teep  (w i t h  ave rage  s l opes  o f t en
exceed ing  50  pe rcen t )  and  we l l  vege ta ted  (w i t h  pe rcen t  cove rs
a l so  o f t en  exceed ing  50  pe rcen t ) .
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F low  da ta  co l l ec ted  a t  t he  U .S .  Geo log i ca l  Su rvey  gag ing
stat ion at  the mouth of  Crandal l  Creek are conta ined in  Appendix
7 -2 .  These  da ta  a re  summar i zed  i n  F igu res  7 -9a  (mon th l y  f l ow
voLumes)  and  7 -9b  (mon th l y  max imum and  m in imum f l ow  ra tes )  f o r
the per iod of  record.

As  no ted  i n  F i g r . l r es  7 -9a  and  7 -9b ,  t he  f l ow  da ta  f o r
Cranda l l  C reek  a re  no t  comp le te  fo r  t he  w in te r  mon ths  i n  mos t
years,  due presumably to  data acquis i t ion problems.  However ,  the
l im i ted  da ta  i nd i ca te  tha t  mos t  o f  t he  f l ow  o f  C randa l l  C reek
occurs in  the per iod of  May through Ju1y,  in  keeping wi th  the
conc lus ions  o f  Wadde l l  e t  a l .  ( 1981) "  Assuming  an  ave rage  f l ow
of  30 acre- feet  per  month for  the per iod of  miss ing recorQr the
average annual  f low for  the s ix-year  per iod of  data conta ined in
Appendix  7-2 was 2740 acre- feet .

Acco rd ing  to  F igu re  7 -9b ,  max imum f l ow  ra tes  i n  C randa l l
Creek normal ly  occur  in  the month of  May or ,June,  whi le  min i rnum
recorded f lows occurred dur ing the months of  September through
November .  Du r ing  the  pe r iod  o f  reco rd ,  t he  max imum reco rded
da i l y  f l ow  ra te  has  been  88  cub ic  fee t  pe r  second  (on  May  30 ,
L983) .  The  m in imum reco rded  da i l y  f l ow  ra te  has  been  0 .28  c f s
(on  seve ra l  days  i n  Sep tember  198L )  du r i ng  t he  same  pe r i od .

Lower minimums may have occurred during the period when data are
lack ing .

P lan  and  p ro f i l e  v iews  o f  C randa l l  C reek  ad jacen t  t o  the
su r face  f ac i l i t i e s  a re  shown  on  P l . a te  7 -L .  Se lec ted  c ross
sect ions are prov ided on Plate 7-2.  As noted,  Crandal l  Canyon is
s teep ,  w i th  channe l  s lopes  no rma l l y  exceed ing  5  pe rcen t .  The
channel  bot tom is  approx imate ly  10 feet  wide and s ide s lopes are
s teep  (genera l l y  g rea te r  t han  100  pe rcen t ) .

Sur face water-qual i ty  data co l lected f rom Crandal l  Creek by
Genwa l  a re  con ta i ned  i n  Append i x  7 -3 .  These  da ta r  co l l ec ted
between June 1983 and November 1985,  ind icate that  the dominant
ions in  Crandal l  Creek are ca lc ium and b icarbonate.

Selected sur face-water  qual i ty  data conta ined in  Appendix  7-
3 are summar ized in  Table 7-5a.  There are no genera l  d i f ferences
1n the concentrations of the summarized constituents between the
upstream and dwonstream stat ions.  Based on these analyses,  the
water  is  o f  excel lent  qual i ty  and su i tab le for  most  uses.

7.2.3 SURFACE WATER DEVELOPMENT AND CONTROL

7 .2 .3 .1  Wa te r  Supp l y

No extensive surface water development has occurred in the
mine p lan or  ad jacent  areas.  Genwal  pumps water  f rom the s t ream
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Table 7-5a.  Concentrat ions of  se lected const i tuents in  Crandal l
C reek .

Const i tuent Maxirnum
(mg /  1 )

Min imum
(mg l  1 )

Date Date Mean
(ms/1)

Upper Stat ion {a)

To ta l  D i - ss .  So l i ds
To ta l  Susp .  So l i ds
pH (b )
Tota}  I ron
D iss .  I r on
Total Mangianese

3L2
L472
8 .20
0 .34

<0 .05
0 .03

3L2
1468
8 .20
0 .25

<0 .05
0 .03

5 /28 /84
5 /L6 /84
Severa l
6 /28 /83
Severa l
Severa l

s /28 /84
5 /L6 /84
5 /L6 /84
6 /28 /83
Severa l
Severa l

180
<0.5
6 .75

<0 .05
<0 .05
<0 .01

155
<0.5
6 .95

<0 .05
<0 ,05
<0 .01

4 /08 /8s
Severa l

LL /L4 /84
Severa l
Severa l
Severa l

254
66 .9
l .  i 5
0.06

<0 .05
0 .01

Lor,ver

Tota l
Tota l
pH  (b )
Tota l
D i ss .
Tota l

S ta t i on  (a )

D i ss .  So l i ds
Susp .  So l i ds

I ron
I ron
Manganese

LL l07  / 84  258
7 /30 /84  60 .9

L r /  0L /84  7  . 75
Seve ra l  <0 .05
Seve ra l  <0 .05
Seve ra l  0 .01

( a )
( b )

See Figure 7- t4
In standard pH units
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near  the sedimentat ion pond for  use underground.  Howeverr  Do
other  po ints  of  development 'are known to ex is t  on Crandal l  Creek
or  adjacent  s t reams in  the immediate v ic in i ty  o f  Tract  1 .

Table 7-6 presents a l i -s t ing of  sur face water  r ights  wi th in
the permi t  and adjacent  areas as obta j -ned f rom the f1 les of  the
U tah  D i v i s i on  o f  Wa te r  R iqh t s  i n  Augus t  1985 .  Mo re  i ndep th
informat ion concern ing these r ights  is  conta ined in  Appendix  7 'L .
Locat ions of  these r lghts  are noted on F igure 7-LA.

Al l  sur face water  r ights  noted in  Tab1e 7-6 and Figure 7-7
are held by the U.S.  f 'ore l t  Serv ice for  s tockwater ing purPoses.
However ,  dur ing the two L985 seep and spr ing surveysr  no s igns of
s tock usage of  the area were noted.  Thus,  a l though the r ights
ex is t ,  usagie of  these r ights  is  apparent ly  cur ta i led.

Only one water-supply intake is known to exist on CrandaLl
Creek .  Th i s  i n take  i s  l oca ted  immed ia te l y  ups t ream f rom the
sedimentat ion pond and is  operated by Genwal  to  obta in water  for
use  a t  t he  m ine .  A  sea rch  o f  r eco rds  on  f i l e  w i t h  t he  U tah
D iv i s i on  o f  Wa te r  R igh t s  and  an  exam ina t i on  o f  phys i ca l
cond i t i ons  a long  Cranda l l  C reek  and  Hun t ing ton  Creek  i nd i ca te
that  no other  water-supply  in takes ex is t  wi th in  one mi le  f rom the
conf luence of  the two st reams.
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Tab le  7 -6 .  Su r face  wa te r  r i gh ts  i n  t he  m ine  p lan  and  ad jacen t  a reas .

w. u.
C la im
No .

F l o w
( c f s ) Use Per iod  o f  Use SourceOwner

{
I

F('|

93-LB2

93 -183

93 - l -BB

9  3 -1 -9  0

9  3 -191 -

93 -483

93 - l - rB0

U .  S .  Fo res t

U .S .  Fo res t

U .S .  Fo res t

U .S .  Fo res t

U .  S .  Fo res t

U .S .  Fo res t

U .S .  Fo res t

Serv ice

Serv ice

Serv ice

Serv ice

Serv ice

Serv ice

Serv ice

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

May  2L

June 6

May  2L

May 2L

June 6

June 6

May 2I

to Aug

to Aug

to Aug

to Aug

to Aug

to Aug

to Aug

Stream

Stream

Stream

Stream

Stream

Stream

Stream

( a )

( b )

( a )

( a )

( b )

( b )

( a )

30

25

30

30

25

25

30

( a )  Pa r t
( b )  Pa r t

water  r ight
water  r ight

WUC
wuc

o f
of

93-1 -16  on  Hun t ing ton  Creek
93-1403  on  Cranda l I  Canyon  A l l o tmen t



Location of surface water
Canyon area.

rights in the Crandall

o
Figure 7-LO.
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7  -2 -3 -2  Runo f f -  and  sed imen t - con t ro l  Fac i l i t i e s

Resu l t s  _o f  ana l yses  t o  de te rm ine  t he  requ i red  s i ze  and
hyd rau l i cs  o f  t he  sed imen ta t i on  pond  a re  i nc luaea  i n  Append ix
7 ' 4 -  r n  s i z i ng  t he  pond r  p l ans  i o r  f u tu re  expans ion  o f  t he
su r face  fac i l i t i es  a t  t he  Cranda l l  Canyon  M ine  were  accoun ted
for .  Deta i ls  o f  the sedimentat ion pond 

- requi red 
for  compl iance

w i t h  30  cFR  77 .21 -6 -1  and  30  cFR  77 .2L6 -2  a re  con ta i ned  i n
Append ix  7 -8 .

Runof f  to  the sedimentat ion pond f rom the 1-O-year ,  24-hour
s to rm  was  de te rm ined  t o  be  0 .68  i c re_ foo t  (w i t h  O .gO ac re_ foo t
or i -g inat ing on rec la imed and undis turbed areas and 0.38 acre- foot
o r i g ina t i ng  on  d i s tu rbed  and  ponded  a reas ) .  Requ i red  sed imen t
s to rage  f o r_ the  pond  was  de te rm ined  t o  be  o .31  ac re - f oo t ,
i nc lud ing  0 -27  ac re - foo t  f rom d i s tu rbed  a reas  and  0 .04  ac re - foo t
f r om und i s tu rbed  and  rec l a imed  a reas  ove r  a  lO -yea r  pe r i od .
Hence '  t he  pond  was  des igned  w i th  a  to ta l  s to rage  vo - tume 

-o t  
0 .99

ac re - foo t .

P la te  7 -4  p resen t s  de ta i l s  o f  t he  p roposed  sed imen ta t i on
pond design-  Cross sect ions refered to  on t f re  p la te are found on
P la te  7 -6 -  Based  on  t he  t opog raph i c  map  o f  t he  pond r  t he
stage-capaci ty  curve prov ided in  r lgure 7-L l_ was developed.  This
stage-capaci ty  curve has taken account  of  the c lay l iner  and the
g rave l  marke r  no ted  on  p la te  7 -4 .

As noted in  F igure 7-r t ,  the new pond wir l  prov ide sediment
s to rage  to  an  e leva t i on  o f  7777 .L  fee f  and  to ta l  s to rage  ( sed i -
men t  p lus  runo f f )  t o  an  e leva t i on  o f  7782 .6  fee t .  Sed imen t  w i l l
be  c leaned  ou t  o f  t he  pond  when  i t  r eaches  an  e leva t i on  o f  7775 .5
feet  a t  the r iser  ( the e levat ion corresponding to  a vo lume of  60
pe rcen t  o f  t he  requ i red  sed imen t  s t o rage  vo lume) .  Two  s tee l
s takes wi l l  be p laced at  the locat ions shown on p late 7-4 to  mark
the  sed i -men t  c leanou t  e leva t i on  o f  7775 .s  fee t .

Sediment removed from the pond
the  l oca t i on  no ted  on  p l a te  g - t .
sediment  wi l l  be in  accordance wi th

w i l l  be  i n i t i a l l l z  s to red  i n
Pe rmanen t  d i sposa l  o f  t he

Sec t i on  3 .3 .9 .

The ex is t ing r iser  in  the sedimentat ion pond has an over f low
e leva t i on  o f  7779 .4  f ee t  and  a  decan t  e l evaC ion  o f  7776 .4  f ee t .
A  new decan t  sys tem w i l l  be  i ns ta l l ed  acco rd ing  to  p la te  7 -6  w i th
an  ove r f l ow  e leva t i on  o f  7777 .L  f ee t  ( i . e .  r  d t  t he  t op  o f  t he
sed imen t  s to rage  l eve l ) .  A  ga te  va l ve  w i l l  be  i ns ta l l ed  as  no ted
to  a l l ow  manua l  d ra i n i ng  o f  t he  pond .  A  l ocked  cap  w i l l  be
p laced  ove r  t he  access  po r t  t o  t he  ga te  va l ve  t o  p reven t
unauthor ized entry .  The key to  th is  v j lve wi l l  be kepf  a t  the
Genwal  of f ice in  Hunt ington.  under  no c i rcumstances wl t t  water
be d ischarged f rom the Jedimentat ion pond to Crandal l  Creek pr ior
to  24 hours f rom the end of  the runof i  event  to  the pond.
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Pr io r  t o  any  d i - scha rges  th rough  the  decan t  sys tem on  the
sed lmen ta t i on  pond ,  a  samp le  w i l l  Ue  co l l ec ted  to  de te rm ine  to ta l
suspended  so l i ds ,  se t t l eab le  so l i ds ,  t o ta l  d i sso rved  so l i ds ,  o i l
and -  g rease r  t o ta l  i r on ,  and  t o ta l  manganese  concen t ra t i ons  as
wel l  as pH.  This  sample wi l l  be cor l 'ected by opening the gate
valve on the dewater ing device,  a l lowing wate i  to  f low f rom the
po l_d  th rough  the  p r imary  sp i l  lway  f  o r  a  su f  f  i c i e ,n t  t ime  to
col lect  a  sample of  the wi ter ,  and Lnen immediate ly  shut t ing the
gate va lve Lo prevent  fur ther  dewater ing.  This  sampte wi l l  then
be  subm i t t ed  t o  a  l abo ra to r y  f o r  an i t yses  o f  t he  i nd i ca ted
paramete rs .

A f te r  rece ip t  o f  ana ly t i ca l  resu l t s  f rom the  l abo ra to ry ,  i f
t he .  pH  and  concen t ra t i ons  b f  t o ta l  suspended  so l i ds ,  se t t l 6ab le
so r i ds ,  t o ta r  d i sso l ved  so l i ds ,  o i r  and  g rease ,  t o ta l  i r on ,  and
!o ! "1  manganese  a re  w i th in  the  accep tab le  l im i t s  es tab l i shed  by
UMC- BL7 -42 and the NPDES permi t  for  i f re  sedimentat ion pond,  wate i
wi l l  be d ischarged f rom the pond through the dewater ing i lev ice.
I I  t he  pa rame te rs  o f  conce rn  a re  no t  w i t h i n  t he  aCcep tab le
r im i t s r  oo  wa te r  w i l l  be  d i scha rged  th rough  the  dev i ce .

The  sed imen ta t i on  pond  w i l l  no rma l l y  be  dewa te red  d i rec t l y
to  c randa l l  c reek .  However ,  i n  t he  even t  o f  an  emergency  (e .g . ,
runof f  f lowing in to the pond when i t  is  fu l r  but  the quar i ty-of
wa te r  i n  t he  pond  i s  no t  su f f i c i en t  t o  pe rm i t  a i s6na rg6  t o
crandar l  creek) ,  the pond wir l  be pumped to the underground sump
in the mj-ne.  No water  wi l l  be d i ich i rged f rom the sump to tha
sur face unless water  in  the sump is  determined to meet  the water-
qua l i t y  s tandards  o f  UMC 8L7 .4 i  and  the  NeDES pe rm i t .  Th i s  w i l l
be determined by opening the va lve to  the d ischarge l ine for  a
su f f i c i en t  t ime  t o  a1 low  co l l ec t i on  o f  a  samp le  L t  t he  NPDES
d ischa rge  po in t  ( i . e . ,  t he  sed imen ta t i on  pona  ou t l e t ) .  Th i s
samp le  w i l l  l i kew ise  be  ana lyzed  fo r  t he  pa ramete rs  o f  conce rn .
I f  - t l t "  analy t ica l  resul ts  ind icate that  the water  is  o f  adequate
qua l i t y ,  i t  w i l l  be  d i scha rged  to  the  su r face .  r f  t he  wa te r  i s
no t  o f  adequa te  qua l i t y ,  i t  w i l l  no t  be  d i scha rged .

Dur ing  d i scha rge  o f  wa te r  t o  C randa l l  C reek  f rom e i the r  t he
sedimentat ion pond or  the underground sump. ,  samples of  the water
w i l l  be  co l l ec ted  a t  t he  d i scha rge  po in t  a t  t he  beg inn ing ,
m idd le ,  and  end  o f  t he  d i scha rge  i i * " .  These  samp les  w i l r  be
sen t  t o  a  l abo ra to ry  fo l l ow ing  the  d i scha rge  pe r iod  fo r  ana lyses
o f  t o ta l  suspended  so l i ds ,  se t t l eab le  so f i as ,  t o ta l  d i sso l ved
so l i ds ,  t o ta l  i r on ,  t o ta l  manganese ,  o i l  and  g rease ,  and  pH .
Ana l y t i ca l  r esu l t s  w i l l  be  subm i ted  t o  t he  o i v i s i on  w i t h i n  L0
work ing days of  receipt  o f  these resul ts  f rom the laboratory.
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The out f low point  on the r iser  wi l l  be ra ised 3.2 feqt ls ;$&hJQiF
elevat ion of  7782.6 feet  ( the top of  the to ta l  s torgt rgf ;Pgehl t lJ l i lJG
This  wi l l  be accompl ished wi th  a sect ion of  24- inch CMP c lamped
to  the  ex i s t i ng  r i se r .

Resu l t s  o f  i n f l ow  and  ou t f l ow  ana l yses  f r om the  25 -yea r ,
24-hour  s torm us ing SBDIMOT I I  are presented in  Appendix  7-4.  I t
should be noted that  the sedimento logy opt ion of  SEDIMOT I I  was
used  du r i ng  des ign  on l y  t o  pe rm i t  r ou t j - ng  o f  t he  hyd rog raph
through the pond.  However ,  s ince sediment  contr ibut ions f rom the
25-year ,  24-hour  event  are not  o f  concern in  des ign of  the pond
(only  sediment  y ie ld  f rom the 1-0-year ,  24-hour  and smal ler  s torms
is  of  regulatory  concern) ,  the sediment  inputs to  the model  were
supressed.  Thusr  the output  f rom the program ind icates sediment
concen t ra t i ons  o f  0  m i l l i g rams  pe r  l i t e r .  Se lec ted  o the r  ou tpu ts
con ta i ned  i n  Append i x  7 -4  assoc ia ted  w i t h  sed imen t  y i e l d  a re '
t he re fo re ,  a l so  mean ing less .

I t  should a lso be noted that ,  a l though detent ion t imes shown
on  t he  ou tpu t  i n  Append i x  7 -4  a re  re l a t i ve l y  l ow  (0 .15  hou r ) '
these t imes have no regulatory meaning for  a  25-year  event  ( i .e .  '
r egu la to ry  conce rns  add ress  on l y  the  1 -O-yea r  and  sma l l e r  even ts ) .
Aga ln ,  t he  p rog ram was  used  p r ima r i l y  f o r  i t s  sp i l lway -des ign
capab i l i t i es  and  no t  f o r  dea l i ng  w i tn  the  spec i f i cs  o f  sed imen t
y ie ld  and detent ion t imes f rom the 25-year  des ign event .

U t i l i z i ng  t he  comb ined  hyd rau l i c s  o f  t he  p r ima ry  and
proposed emergency sp i l lways,  the peak out f low stage dur ing the
25-yea r ,  24 -hou r  s to rm was  ca l cu la ted  by  SEDIMOT I I  as  6 .0  fee t
above  the  sed imen t  s to rage  l eve l .  Thus ,  t he  ou t f l ow  e leva t i on
dur ing  the  des ign  f l ow  even t  was  de te rm ined  to  be  7783 .L  fee t .
Th i s  e l eva t i on  i s  l owe r  t han  t ha t  o f  t he  p roposed  emergency
sp i1 lway ,  i nd i ca t i ng  t ha t  wa te r  w i l l  no t  pass  t h rough  t he
emergency  sp i l lway  unde r  des ign  cond i t i ons .  None the less r  dn
emergency  sp l l 1way  w i l l  be  j -ns ta l l ed  a t  t he  reques t  o f  t he  U .S .
Fo res t  Se rv i ce  to  p rov ide  a  fac to r  o f  sa fe ty  and  a  bypass  fo r
wa te r  du r ing  even ts  l a rge r  t han  those  fo r  wh ich  the  pond  was
des igned .  Conserva t i ve l y ,  t he  emergency  sp i l lway  c res t  w i l l  be
p laced  a t  an  e l eva t i on  o f  7784 .0 .  As  des igned ,  t h i s  sp i l lway  has
a  bo t tom w id th  o f  4 .0  fee t  and  s ide  s lopes  o f  2h : l - v .

As  no ted  on  P1a te  7 -4 ,  t he  emergency  sp i l lway  w i l l  d i scha rge
on to  t he  bou lde r - cove red  s l ope  ad jacen t  t o  t he  sed imen ta t i on
pond .  Bou lde rs  tha t  cove r  t h i s  s lope  were  b las ted  f rom the  cu t
above the pond dur ing construct ion of  the mine-access road.  Due
to  t he  l a rge  s i ze  o f  t he  bou lde rs ,  l abo ra to r y  s i ze - f r ac t i on
ana l yses  cou ld  no t  be  conduc ted .  Howeve r ,  t he  bou lde rs  a re
v i sua l l y  es t ima ted  to  range  i n  s i ze  up  to  a t  l eas t  10  fee t  i n
d iameter .  I t  is  fur ther  est imated that  approx imate ly  80 percent
of  the coarse rock on the s lope is  f iner  than 8 feet  in  d iameter ,
30 percent  is  f iner  than 5 feet  in  d iameter ,  and 10 percent  is
f iner  than 3 feet  in  d iameter .
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feet at the top of the slope and 5 to 6 feet at the botlom of the
s lope .  The  so i l  t ha t  under l i es  the  rock  i s  a  s i l t y  sand .  S i ze -
f r ac t i on  ana l yses  p resen ted  by  De l t a  Geo techn i ca l  Consu l t an t s
(L982)  ind icate that  th is  so i l  is  70 percent  sand and 30 percent
s i l t  and  c lay  ( t he  l a t t e r  be ing  m inus  200  mesh) .

The  emergency  sp i l lway  w i l l  be  l i ned  w i t h  r i p rap  and  a
f i l ter  b lanket  as noted in  Appendix  7-4 to  reduce eros i -on poten-
t i a l .  G rad ing  o f  t he  r i p rap ,  f i l t e r  b l anke t ,  and  embankmen t
ma te r i a l s  a re  shown  i n  F igu re  7 -12 .  Des ign  o f  t h i s  f i l t e r
b l anke t  i s  p resen ted  i n  Append i x  7 -4 .  The  sp i l lway  w i l l
d i scha rge  d i rec t l y  on to  the  bou lde r -cove red  s lope .  Due  to  the
ex t reme  th i ckness  o f  t he  bou lde rs  and  cobb les  on  t he  s l ope ,
add i t i ona l  e ros ion  p ro tec t i on  be low  the  emergency -sp i11way
ou t f l ow  w i l l  no t  be  requ i red .

Since the emergency sp i l lway wi l l  not  be f lowing dur ing the
des ign  even t ,  UMC B l -7 .46  (  j  )  r equ i res  on l y  tha t  t he  top  o f  t he
set t led embankment  be 1.0 foot  above the crest  o f  the emergency
sp i l lway .  Th i s  w i l l  r esu l t  i n  an  embankmen t  c res t  e leva t i on  o f
7785.0 feet .  S ince the crest  o f  the ex is t ing embankment  is  a t  an
e leva t i on  o f  7783 .0  f ee t ,  t he  p roposed  des ign  w i l l  r equ i r e  t he
add i t i on  o f  2 .0  f ee t  o f  se t t l ed  embankmen t  t o  t he  t oP  o f  t he
ex i s t i ng  embankmen t .  No  add i t i ona l  ma te r i a l  w i l l  be  added  to
account  for  set t lement  s j -nce (a)  the embankment  is  be ing ra ised
0 .4  fee t  more  than  requ i red  and  (b )  t he  ex i s t i ng  embankmen t  i s
assumed to have set t led prev ious ly .

W i th  a  c res t  e leva t i on  o f  7785 .0  fee t  and  a  base  e leva t i on
of  777L.0 feet  a t  the upst ream toe,  the embankment  wi l l  have a
he igh t  o f  l - 4 .0  f  ee t .  Us ing  t he  equa t i on  p rov ided  i n  UMC
817 .46 ( I ) ,  t he  requ i red  t op  w id th  o f  t he  embankmen t  i s  9 .8  f eeL .
An  ac tua l  t op  w id th  o f  l - 0 .0  fee t  w i l l  be  cons t ruc ted .

The  ex i s t i ng  pond  w i l l  be  en la rged  t o  mee t  t he  vo lume
requ i remen ts  o f  t h i s  p l an  by  remov ing  excess  f i I l  f r om  the
in te r i o r  o f  t he  pond .  I n  add i t i on ,  t he  uppe r  L2  f ee t  o f  t he
ex te r j -o r  o f  t he  ex i s t i ng  embankmen t  w i l l  be  recon tou red  to  a
s lope  o f  2h :1v  ( i t  i s  cu r ren t l y  s teeper ) .  P r i o r  t o  recon tou r ing
the  ex te r i o r  s lope ,  a l l  l a rge  rock  f ragmen ts  w i l l  be  removed .

A11 new f i l l  requi red to  ra ise the embankment  wi l l  be p laced
in  6 - i nch  l i f t s .  Th i s  new  f i l l  w i l l  be  compac ted  i n  p l ace  by
repea ted  passes  o f  a  f r on t -end  l oade r  o r  equ i va len t  p r i o r  t o
p lac i ng  t he  nex t  1 i f t .  Compac t i on  w i l l  con t i nue  un t i l  t he
densi ty  of  the mater ia l  is  a t  least  90 percent  o f  ProcLor  densi ty
(as  de te rm ined  by  sand-cone  dens i t y  t es t s  i n  t he  f i e ld ) .

Because  o f  t he  l oca t i on  o f  t he  sed lmen ta t i on  pond  on  a
h i l l s i de  be tween  the  access  road  and  Cranda l l  C reek ,  i nsu f f i c i en t
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space is  avai lab le to  permi t  const ruct ion of  s ide a lopes wi th  a
combined upst ream and downstream s lope of  5h: lv  and st i11 prov ide
the requi red s torage capaci ty .  Hence,  the pond has been designed
wi th 2h: l -v  s ides lopes on both the upst ream and downstrearyr  s ides.

As inc luded in  the or ig ina l  des ign,  the in ter ior  o f  the pond
w i l l  be  l i ned  w i t h  a  l 2 - i nch  t h i ck  l oca1 ,  compac ted  c l ay  t o
reduce seepage f rom the pond and,  thereby,  increase the s tabi l i ty
o f  t he  embankmen t .  Th i s  c l ay  l i ne r  w i l l  be  p l aced  i n  6 - i nch
l i f ts  and compacted dur ing p lacement  by at  least  four  passes of  a
f ron t -end  l oader  o r  equ iva len t .  The  i n i t i a l  l aye r  w i l l  be  d i sked
into the bottom of the pond prior to compaction.

The  c l ay  l i ne r  w i l l  be  p ro tec ted  f r om d i s tu rbance  du r i ng
future pond c leaning act iv i t ies by p lacement  of  an L8- inch r iprap
laye r  on  t op  o f  t he  compac ted  c l ay  l i ne r .  Th i s  r i p rap  w i l l
consis t  o f  angular  to  subangular  cobbles ranging in  s ize f rom 4
to  L2  i nches .  Th i s  l aye r  w i l l  p rov i de  an  added  advan tage  o f
l imi t ing eros ion of  the upst ream embankment  near  the in le t  o f  the
p r imary  sp i l lway  r i se r .  The  c lay  l i ne r  and  the  cobb le  marke r  a re
immediate ly  be low the pond e levat ions shown on Plate 7-4.

A l l  new cons t ruc t i on  on  the  rev i sed  sed imen ta t i on  pond  w i l l
be superv ised by a Profess ional  Engineer  who is  l icensed in  the
S ta te  o f  U tah .  An  as -bu i I t  r epo r t  w i l l  be  p repa red  and  ce r t i f i ed
by the superv isory PE for  submit ion to  DOGM fo l lowing complet ion
o f  cons t ruc t i on  ac t i v i t i es .  Th i s  as -bu i l t  r epo r t  w i l l  i nc lude :

Ex  i  s t i ng  and  requ i red  mon i t o r i ng  p rocedu res  and
inst rumentat ion

The design depth and e levat ion of  any impounded waters at
the t ime of the report

Exis t ing s torage capaci ty  of  the dam or  embankment

o  A  d i scuss ion  o f  any  f i r es  occu r r i ng  i n  t he  cons t ruc t i on
mater i -a l  up to  the date of  cer t i f icat ion

o A d iscuss ion of  any other  aspects  of  the dam or  embankment
a f fec t i ng  s tab i l i t y

F low condi t ions in  Crandal l  Creek adjacent  to  the sedimenta-
t ion pond were examined to determine i f  f lood f lows may erode the
downs t ream toe  ( see  Append ix  7 -5 ) .  As  no ted ,  t he  peak  f l ow  f rom
the  100 -yea r ,  24 -hou r  p rec ip i t a t i on  even t  w i l l  enc roach  0 .6  foo t
above the toe of the embankment. Thus, a r i .prap protective layer
(w i th  a  med ian  rock  d iamete r  o f  I 2 .5  i nches )  w i l l  be  p laced  a long
the  l owe r  2 .0  f ee t  o f  t he  embankmen t  as  shown  i n  P1a te  7 -4 .
P lacemen t  o f  t h i s  r i p rap  w i l l  se r ve  an  i nc i den ta l  pu rpose  o f
increasing the s tabi l i ty  o f  the dam by p lac ing addi t ional  weight
on t lS'douin-stneatn 

' toe." '
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Although the presence of the sedimentation-pond au*o$arqs"e$/l lNlNG
to  C randa l l  C reek  may  s l i gh t l y  a l t e r  f l ow  cond i t i ons  i n  t he
st ream, the p laceinent  o f  eros ion-protect ion features on the s teep
stream bank across f rom the pond is  not  considered just i f i -ed for
two reasons.  F i rs t ,  p lacement  of  eros ion-protect ion features on
the bank across f rom the pond wi l l  l ike1y cause more d is turbance
than i t  w i l l  prevent  due to  the s teepness of  the bank.  Second,
as  no ted  i n  Append i x  7 -5 ,  t he  peak  f l ow  even t  f o r  wh i ch  t he
analys is  was conducted has an est imated return per iod in  excess
o f  10 ' 000  yea rs  ( due  t o  t he  conse rva t i veness  o f  t he  s to rm
d is t r i bu t i on  used  i n  the  ana lys i s ) ,  i nd i ca t i ng  the  remoteness  o f
t he  poss ib i l i t y  t ha t  t he  s t r eam m igh t  ove r t op  i t s  banks  and
impinge on the dam.

As a resul t ,  whi le  the pond is  in  operat ion,  the s t ream bank
across f rom the pond wi l l  be inspected each t ime the p iezometer
t h rough  t he  dam i s  mon i t o red  ( see  Sec t i on  7 .2 .61  .  I f  e ros i on
occu rs  on  the  oppos i te  s t ream bank  due  to  the  p resence  o f  t he
pond ,  a  r epa l r  p l an  w i l l  be  p repa red  and  imp lemen ted  i n
consu l ta t i on  w i th  DOGM.

An  ana l ys i s  was  conduc ted  o f  t he  pond  t o  de te rm ine  t he
s tab i l i t y  o f  t he  dam under  se lec ted  cond i t i ons .  C ross  sec t i ons
used  fo r  t he  ana lys i s  a re  shown  on  P la te  

' 7 -4 ,  as  a re  l oca t i ons
whe re  She lby - t ube  so i l  samp les  we re  co l l ec ted  f o r  l abo ra to r y
ana l yses  t o  de te rm ine  1oca l  so11  p rope r t i es .  Resu l t s  o f  t he
labo ra to ry  and  s tab i l i t y  ana lyses  a re  p resen ted  i n  Append ix  7 -6
and summar i -zed in  Table 7-6a.

The  requ i red  sa fe t y  f ac to r s  shown  i n  Tab le  7 -6a  we re
deve loped  in  consu l ta t i on  w i th  DOGM in  a  mee t ing  on  Apr i l  2 '  1986
between Randy Hard in and Rick Summers of  DOGM, Andrew C.  King of
Genwa l ,  and  R i cha rd  B .  Wh i t e  o f  Ea r thFax  Eng inee r i . g ,  I nc .  A
compar i son  o f  t he  requ i red  and  ac tua l  sa fe ty  fac to rs  i nd i ca tes
tha t  t he  embankmen t  as  des igned  w i l l  be  s tab le .  I t  shou ld  be
noted that  these safety  factors d id  not  inc lude the benef i ts  due
to  i ns ta l l a t i on  o f  t he  r i p rap  on  the  dam toe  as  d i scussed  above .

Fot lowing construct ion of  the sedimentat ion pond as designed
he re in ,  a l I  d i s t u rbed  a reas  assoc ia ted  w i t h  pond  cons t ruc t i on
(w i t h  t he  excep t i on  o f  t he  i n te r i o r  o f  t he  pond )  w i l l  be
revege ta ted  w i t h  t he  seed  m ix tu re  no ted  i n  Sec t i on  3 .5 .5 .2  o f
th is  PAP. This  mixture was developed in  consul ta t ion wi th  Lynn
Kunz le r  o f  t he  D i v i s i on  and  Wa l t  Nowak  o f  t he  U .S .  Fo res t
Serv ice.  This  mixture prov ides rapid growth species,  sod- forming
spec ies ,  and  spec ies  tha t  a re  compa t ib le  w i th  o the r  p lan ts .

Seed ing  w i l l  be  done  i n  t he  l a te  f a l l ,  j u s t  p r i o r  t o  t he
f i r s t  heavy  snowfa l l  o f  t he  yea r r  o r  i n  t he  ea r l y  sp r i ng  immed i -
a te l y  f o l l ow ing  snowme l t  (P lummer  e t  a l . ,  L968 ) .  Seed ing  w i l l  be
accomp l i shed  by  hyd romu lch ing  o r  b roadcas t i ng  w i t h  a  cyc l one

i," 11
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Tab le  7 -6a . Summary  o f  s lope  s tab i l i t y  ana lyses .

Cross
Sect ion  (a )

Condi t ion
Min imum
Safety
Factor

Required
Safety
Factor

A -A '

B -B '

c-c  I

Unsaturated,  s tat ic
Unsa tu ra ted ,  se i sm ic
Saturated,  s tat i_c

Unsaturated,  s tat ic
Unsa tu ra ted ,  se i sm ic
Saturated,  s tat ic

Unsaturated,  s tat ic
Unsaturated,  se ismic
Saturated,  s tat ic

2.20
L .7  6
1 .19

2 .00
l - .55
1 .08

2 .23
L .67
1 .38

L .50
1 .10
1 .00

1 .50
1 .10
1 .00

1 .50
1 .10
1 .00

(a )  see  p l a te  7 -4
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seede r .  Mu l ch  w i l l  be  p l aced  a f t e r  seed ing .  r f  t he  seed  i s
broadcast ,  the mulch ( two tons of  s t raw or  grass hay per  acre of
d is turbed area)  wi l l  be spread over  the area to  be p lanted and
c r imped  i n to  t he  so i l  w i t h  a  r o to  t i l l e r  o r  shove l  t o  a i d  i n
mo is tu re  re ten t i on  (u . s .  so i l  conse rva t i on  se rv i ce ,  Lg7s l .

Fo l l ow ing  seed ing ,  t he  revege ta ted  ou ts lopes  o f  t he  pond
wil l  be inspected during normal pond inspections to determine tne
ef fect iveness of  the seeding.  I f  the revegetat ion ef for t  is  not
cons ide red  success fu l ,  an  add i t i ona l  p lan t i ng  w i l l  be  conduc ted
as  ou t r i ned  i n i t i a l l y .  r f  r i 1 l s  and /o r  gu l l i e s  deve lop  on  t he
revegetated face of  the dam, they wi l l  be patched wl th  a f ine-
gra ined f i r l  and seeded wi th  the seed mix for  the dam. s t . raw-
ba le  d i kes  w i l l  be  added  as  necessa ry  t o  con t ro l  excess i ve
gu l l y i ng  on  the  dam face .  These  d i kes  w i l l  be  i ns ta l l ed  as  no ted
by  F igu re  7 -L3 .

rn addi t ion to  revegetat ing the outs lope of  the pond wi th
the  g rass  seed  m ix  no ted  i n  Sec t i on  3 .5 .5 .2 ,  cons ide ra t i on  was
g i ven  t o  p l an t i ng  ph rea tophy tes  i nd igenous  t o  t he  r i pa r i an
communi ty  of  crandal l  creek.  However ,  the decis ion was made to
not  p lant  r ipar ian vegetat ion for  the fo l lowing reasons:

o  The  p resence  o f  deep - roo ted  r i pa r i an  vege ta t i on  o f t en
encourages rodent  burrowing,  thereby reducing the s tabi l i ty
of  the dam

o Because the roots of phreatophytes
those  o f  g rasses ,  roo ts  o f  t hose
cause s ign i f icant  weakening of  the

a re  genera l l y  l a rge r  t han
r i pa r i an  p l an t s  t ha t  d i e
dam upon decay.

o  UMC 817 .46 (s )  regu i res  tha t  i n te r im  revege ta t i on  o f  t he  pond
ernbankmen t  be  conduc ted  to  s tab i l i ze  the  embankmen t  "w i th
respec t  t o  e ros ion " .  The  p lan  p roposed  above  (p lan t i ng  w i th
g rass  spec ies  and .  i ns ta l l a t i on  o f  s t r aw-ba1e  d i kes  bs
necessa ry )  w i l l  m in im ize  e ros ion  o f  t he  face  o f  t he  dam du r
to over lan f1ow.  Eros ion of  the toe of  the darn due to  f lood
f l ows  i n  C randa l l  C reek  w i l l  be  m in im ized  w i th  the  add i t i on
o f  a  l aye r  o f  r i p rap  a long  the  toe  as  a l so  ou t l i ned  above .

Smal  l -area exempt ions are requested for  three areas shown on
P la te  7 -5 .  sAE- l  (w i t h  a  su r f ace  a rea  o f  0 .02  ac re )  i s  t he
proposed outs lope of  the access road to  the adimin is t rat ion pad
a t  t he  wes te rn  end  o f  t he  su r f ace  f ac i l i t i e s  as  we l l  as  t o
p roposed  U .S .  Fo res t  Se rv i ce  f ac i l i t i e s  t o  be  l oca ted  ups t ream
f rom the  m ine  fac i l i t i es .  Runo f f  f r cm th i s  a rea  canno t  f eas ib l y
d ra in  to  the  sed i -men ta t i on  pond  w i thou t  excess i ve  d i s tu rbance i
ad jacen t  t o  C randa I l  C reek .

Runo f f  w i l l  occu r  f rom SAE-1  as  shee t  f l ow  toward  Cranda l l
C reek .  The  a rea  w i l l  be  rec l a imed  as  ou t l i ned  i n  Sec t i on  3 .5  f o r
con temporaneous  rec l ama t i on .  Rec lama t i on  w i l l  commence  du r i ng
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o t he  au tumn  immed ia te l y  f o l l ow ing  comp le t i on  o f  cons t ruc t i on
associated wi th  the area.  Maintenance of  the revegetat ion ef for t
w i l l  occu r  as  ou t l i ned  i n  sec t i on  3 .5 .  rmmed ia te l y  f o l l ow ing
revege ta t i on ,  a  s t r aw-ba le  d i ke  w i l l  be  i ns ta l r ed  a l ong  t he
en t i r e  t oe  o f  SAE-1  t o  con t ro l  sed imen t  y i e l ds  f r om the  a rea
pr ior  to  ef fect ive establ ishment  of  the vegetat ion.

Calcu lat ions requi red to  determine the ef fect iveness of  the
vegetat ion in  contro l l ing sediment  y ie ld  f rom SAE-I  are conta ined
in Appendix  7 '9 .  Accord ing to  these ca lcu lat ions,  wi th  the lower
f i ve  fee t  o f  t he  rec la imed  a rea  ac t i ng  as  a  g rass  f i l t e r ,  t he
peak suspended sediment  concentrat ion y ie lded by SAE-I  dur ing the
1 -O-yea r ,  24 -hou r  s to rm i s  12  m i l l i - g rams  pe r  1 i t e r .  Th i s  va rue  i s
less than the ef f luent  concentrat ion for  to ta l  suspended sol ids
requ i red  by  UMC 8L7 .42

SAE-2  { cons i s t i ng  o f  0 .34  ac re )  ex l s t s  a t  t he  no r t hwes t
co rne r  o f  t he  s i t e .  Th i s  a rea  was  i n i t i a l l y  cons t ruc ted  as  a
subs ta t i on  pad  and  assoc ia ted  access  road .  Because  t he
substat ion has not  been insta l led and may not  be insta l led in  the
fu tu re ,  sAE-2  w i l l  be  rec la imed .  o f  t he  to ta l  a rea ,  0 .15  ac re
w i l I  r ece i ve  f i na l  r ec l ama t i on  t r ea tmen t  and  0 .L9  ac re  w i l l
receive contemporaneous rec lamat ion t reatment  (see Sect ion 3.5

7 -5b2  M id -Te rm Rev is ions  7 -3 - l -986



f:l,,-i.Ji$;; i,1 ';,'' ,
&ff'r* t, 'ooo 

' r'i

Dtt/tstcht oF.
ofl,  GAS 8, Mti l i lNG

Wire or nYlon
bound bales

Embedding detail

Anchoring detai l

F i g u r e  7 ' L 3 .  T y p i c a l  s t r a w - b a l e  d i k e '

placed on the
contour

2 re-bars, steel Pickets, or

2" x2" stakes 1 ' l l2' to 2'

in ground

rfil{l
i  r i  J '

itlt.t:
\ 4" vertical face

7  -52c



and  P la te  7 -5 ) .  An  add i t i ona l  a rea  o f  0 .90  ac re  o f  und is tu rbed
are dra ins onto SAE-2 f rom above.

S i te  d ra inage  cou ld  be  cons t ruc ted  to  cause  th i s  a rea  to
d ra in  to  the  sed imen ta t i on  pond .  However ,  en la rgemen t  o f  t he
pond to accept  runof f  f rom th is  area would be feas ib le  only  i f  a
cu l ve r t  was  i ns ta l l ed  i n  C randa l l  C reek .  The  resu l t i ng  damage  to
Cranda I l  C reek  ( i . e . ,  r emova l  o f  r i pa r i an  vege ta t i on ,  a l t e ra t i on
o f  t he  channe l  c ross  sec t i on ,  e t c . )  f o r  t he  so le  pu rpose  o f
sed imen t  con t ro l  i s  no t  cons ide red  j us t i f i ab le .

SAE-2  w i l l  be  rec l a imed  ( con temporaneous  and  f l na l )  as
ou t l i ned  i n  Sec t i on  3 .5 .  A  sed imen t  t r ap  w i l l  be  i ns ta l l ed  a t
the  downs t ream end  o f  t h i s  a rea  to  con t ro l  sed imen t  y ie Id .  Th i s
t rap w111 ut i l ize the maximum space avai lab le and have a sur face
a rea  o f  150  squa re  f ee t  "  ( 10  f ee t  by  1 ,5  f ee t ) .  A  l 2 - i nch  CMP
cu l ve r t  w i l l  be  i ns ta l l ed  t o  ac t  as  a  sp i l lway .  Th i s  cu l ve r t
w j . l l  d i scha rge  i n to  UD- l - .  De ta i l s  o f  t he  des ign  o f  t he  sed imen t
t rap are conta ined in  Appendix  7-9.

The  e f f ec t i veness  o f  t he  sed imen t  t r ap  was  mode led  us ing
SEDIMOT I I .  Resu l t s  o f  t hese  ana lyses  a re  con ta ined  i n  Append ix
7 -9 .  Acco rd ing  t o  t h i s  i n f o rma t i on ,  t he  peak  e f f l uen t
concen t ra t i on  o f  suspended  sed imen t  f rom the  t rap  w i l l  be  2898
mi l l i g rams  pe r  1 i t e r .  A l t hough  t h i s  concen t ra t i on  i s  g rea te r
than  the  s tandard  con ta ined  i n  U I . IC  8L7  .42 ,  i t  i s  s ign i f  i can t l y
less than the in f luent  suspended sediment  concentrat ion f rom the
und is tu rbed  a rea  tha t  d ra ins  to  the  t rap  (L7  t320  m i l l i g rams  pe r
l i t e r ) .  Thus  the  ne t  e f fec t  i s  t o  dec rease  suspended  sed imen t
concen t r t i ons  f r om the  a rea  be low  tha t  wh i ch  wou ld  na t rua l l y
occu r .

As  an  op t i on  f o r  f u r t he r  r educ i - ng  e f f l uen t  sed imen t
concen t ra t i ons ,  t he  poss ib i l i t y  o f  add ing  s i l t  f ences  t o  t he
sediment  t rap was examined.  Adding s i l t  fences to  act  as baf f les
wi th in  the t rap ( thus increasing the f low path and decreasing the
dead  space  i n  the  t rap )  d id  no t  s ign i f i can t l y  reduce  the  peak
e f f l uen t  concen t ra t i on .  Add ing  s i l t - f ence  ma te r ia l  t o  t he  i n le t
of  the out f low culver t  would increase detent ion t ime in  the t rap
bu t  wou ld  s ign i f i can t l y  reduce  the  hyd rau l i c  e f fec t i veness  o f  t he
sp i l lway ,  t hus  i nc reas ing  the  po ten t i a l  f o r  ove r topp ing  o f  t he
t rap and subsequent  downstream eros ion.  Thus,  the sediment  t rap
as designed ! {as considered to  be the best  opt ion for  contro l  o f
SAE-2 .

sAE-3  cons i s t s  o f  a  sma l l  a rea  (0 -32  ac re )  on  the  sou th  s ide
o f  t he  U .S .  Fo res t  Se rv i ce  access  road  tha t  has  se rved  i n  the
past  as the mater ia ls  s torage/of f ice pad.  The nor thern por t ion
o f  t h i s  a rea  w i l l  be  rec la imed  us ing  f i na l  rec lamat ion  techn iques
ou t l i ned  i n  Sec t i on  3 .5  ( see  P la te  7 -5 ) .  A  be rm  o f  bou lde rs  w i l l
be  p laced  be tween  SAE-3  and  the  road  to  p reven t  access  to  the

TTI$t f { . - * f  
i  

, : i rA. . ,5 t raw-ba 
1e d ike (F ieure 7-L3 )  wi l  l  be
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i ns ta l l ed  a long  the  sou the rn  po r t i on  o f  t he  rec la imed  a rea  to
se rve  as  a  sed imen t - con t ro l  dev i ce  p r i o r  t o  e f f ec t i ve
revegetat ion

The  sou the rn  po r t i on  o f  SAE-3  cons i s t s  o f  bou lde rs  p i l ed
aga ins t  t he  ou ts lope  o f  t he  pad .  These  bou lde rs  h re re  b las ted
f rom the  s i t e  h i ghwa l l  du r l ng  i n j - t i a l  cons t ruc t i on .  Due  t o
potent ia l  s tab i l i ty  problems that  might  be created by removal  and
the d i f f icu l ty  o f  removing these boulders f rom the outs lope '  th is
s lope  w i l l  r ema in  un rec la imed .

The ef fect iveness of  the rec lamat ion act iv i t ies was modeled
us ing  SEDIMOT I I .  Resu l t s  o f  t hese  ca l cu la t i ons  a re  con ta ined  i n
Append i x  7 -9 .  Acco rd ing  t o  t h i s  append i x ,  t he  peak  e f f l uen t
suspended sediment  concentrat j -on f  rom SAE-3 dur ing the l -0-year  '
2  -hou r  s t rom i - s  2  m i l l l g rams  pe r  l i t e r .  Th i s  concen t ra t j - on  i s
w i th in  the  s tandards  es tab l i shed  by  UMC 8L7 .42 .

A  d i ve rs ion  (UD-L )  w i l l  be  p laced  a long  the  wes te rn  edge  o f
the s i te  at  the locat ion shown on Plate 7-5 Lo d iver t  water  f rom
a 95-acre undusturbed watershed around the yard area.  Analyses
and design in format ion associated wi th  th is  and other  d ivers ions
associated wi th  the s i te  are conta ined in  Appendix  7-7.

The d ivers ion was designed to safe ly  pass the peak f low f rom
the  25 -yea r ,  2A -hou r  p rec ip i t a t i on  even t .  The  resu l t i ng  peak
f low f rom th is  event  (as noted in  Appendix  7-71 was determined to
be  47 .7  cub ic  fee t  pe r  second .  Th i s  d i ve rs ion  i s  des igned  as  a
42 - inch  fu l l - round  C I . , IP .  The  d i ve rs ion  w111  be  conve r ted  to  a
f lex ib le  downspout  af ter  pass ing beneath the U.S.  Forest  Serv ice
road  ( i . e . ,  down  the  bank  o f  C randa l l  C reek )  t o  a i d  i n  ene rgy
d iss ipa t i on .  De ta i l s  o f  t he  des ign  ( i nc lud ing  ex i t  ve loc i t y  f rom
the downspout)  are conta ined in  Appendix  7-7.

Two addi t ional  d ivers ions were designed to convey water  f rom
und is tu rbed  a reas  away  f rom the  d i s tu rbed  s i t e .  One  (UD-2 )  w i l l
be  cons t ruc ted  i n  t he  no r thwes t  po r t i on  o f  t he  s i t e  a long  the
p roposed  subs ta t i on  pad .  The  o the r  w i l l  be  cons t ruc ted  i n  t he
nor theastern por t ion of  the s i te  to  convey water  away f rom the
po r ta l  a rea .  De ta i l s  o f  d i ve rs i on  des ign  a re  p resen ted  i n
Appendix  7-7.  Both of  these d ivers ions were designed to safe ly
pass the peak f low resul t ing f rom the 25-year ,  20-} :our  s torm.

Ex i s t i ng  and  p roposed  cu l ve r t s  i n  t he  m ine  ya rd  we re
examined to determine the i r  adequacy wi th  respect  to  pass ing the
peak f low f rom the 1-O-year ,  24-hour  prec ip i ta t ion event .  Deta i ls
of  these designs are prov ided in  Appendix  7-7.

des igned
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A berm wi l l  be p laced around the proposed power substat ion
to  p reven t  runo f f  wa te r  t ha t  accumu la tes  the reon  f rom f l ow ing
ac ross  t he  rema inde r  o f  t he  s i t e .  A  smar l  channe l .  on  t he
subs ta t i on  pad  w i l l  co l l ec t  wa te r  f r om the  pad  and  ad jacen t
und i s tu rbed  a reas .  A  s t i l l i ng  bas in  w i l l  n "  p raced  a t  t he
downs t ream end  o f  t h i s  d i ve rs i on  t o  t r ap  sed imen t  p r i o r  t o
d i scha rg ing  i n to  UD- l  ( see  Append ix  7 -71 .

7 .2 .4  EFFECTS OF MIN ING ON SURFACE WATER

Runo f f -  and  sed imen t -con t ro l  f ac i l i t i es  have  been  des igned
fo r  t he  T rac t  1  su r face  fac i l i t i es  i n  acco rdance  w i th  app l i c lU te
DOGM regu la t i ons .  These  f ac i l i t i e s  we re  des igned  Co  sa fe r y
convey and contro l  runof f  f rom the speci f ied design s torm events,
Thus '  sed imen t  y ie lds  due  to  m in ing  ope ra t i ons  i n  t he  T rac t  l -
pe rm i t  a rea  w i l l  be  m in im ized  by  the  app rop r ia te  fac i r i t i es .

No water  is  current ly  d ischarged f rom the Tract  1  area in to
Cranda l l  c reek  o the r  t han  f rom the  sed j_men ta t i on  pond .  s ince
th is  water  is  t reated in  the pond by set t l ing pr ior  

- to  
d ischarge,

impac ts  to  the  qua l i t y  o f  su r face  wa te r  i n  
-  

t he  a rea  a re  m in i -
m i zed .

Genwa l  pumps  a  max imum o f  L2 rooa  ga l l ons  pe r  day  f r om
Cranda l l  C reek  fo r  underg round  use  when  in -m ine  quan t i t i es  a re
insuf f ic ient  to  suppor t  underground operat ions.  Assuming a 240-
day  wo rk  yea r ,  t h i s  quan t i t y  equa l s  B .B  ac re - f ee t  pe r  yea r .
Water  requi red for  dust  supre-s ion on the haul  road is  a lso used
a t  a  ra te  o f  app rox ima te l y  12 ,000  ga l l ons  pe r  day .  Dur ing  the
1-  2 0 -day water  ing season ,  a  water i -ng usage of  q ,  .  4 ,  acre- f  eet  is
poss ib l e .  Hence ,  t o ta l  usage  o f  wa te r  f r om c randa l l  c reek
resu r t s  i n  t he  d i ve rs ion  o f  Juou t  L3 .2  ac re - fee t  pe r  yea r  f rom
c randa l l  c reek .  Th i s  quan t i t y  r ep resen ts  app rox imJ te t y  0 .5
percent  o f  the average annual  f low of  the s t re im,  This  percen-
tage  i s  cons ide red  i ns i gn i f i can t .  sha res  i n  t he  Hun t i ng ton -
C leve land  I r r i ga t i on  Company  have  been  pu rchased  to  cove r  t he
usage  o f  t h i s  wa te r .

7 .2 .5  MIT IGATION AND CONTROL PLANS

As  ind i ca ted ,  runo f f -  and  sed imen t -con t ro l  f ac i l i t i es  have
P"g t  _des igned  f o r  t he  T rac t  l -  a rea  t o  p ro tec t  t he  su r f ace
hyd ro log i c  ba lance  o f  t he  a rea  and  m i t i ga le  po ten t i a l  impac ts .
These  f ac i l i t i e s  w i l l  be  i nspec ted  qua r t - r 1y  i n  t he  f u tu re  t o
ensure adequate funct j -on ing.  A typ ica l  form to be used dur j -ng
inspec t i on  i s  p rov ided  i n  F igu re  7 -13a .

Impacts f rom min ing to  the quant i ty  o f  water  in  the Crandal l
Creek watershed are expected to  be min imalr  ds noted prev ious ly .
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G E N W A L  C O A L  C O M P A N Y

DAM SAFETY INSPECTION REPORT

DAl{ NAIIE:

HAZARD RATING: couNTY:

TNSPECTOR I S SIGNATURE 3

Government personnel at Inspection:

FOREST:

DATE:

Ownerrs Representative at Inspection:

Storage Level at

Outflow: Outlet:

Weatber:

Tlme of Inspection:

spj.l lway:

Note: A [No] in the. Not Applicable corumn meansdue to curent f lelh'"o"Ji[ i""=.

EMBAIIKIIENT Not
AppIicabJ.e

No Minor
Problen problen

not observed

Needs Crit ical
Repair

Meets Desiqn
set t l ing
Slunps/Slouqhincr
cracking
Erosion
seepage
Drains
Riprap
Vegetation
Rodents
Debris

Comments and photographs:

T y p i c a l  s e d i - m e n t a t i o n  p o n d  i n s p e c t i o n  f o r m .F i g u r e  7 - l - 3 a .
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DAM NAI'[E:

ABUTMENTS AND
FOI'NDATTON

PAGE 2

Not No
Applicable problen

Needs Crit ical
Repair

Minor
Problero

Settting
cracking
Slunps
Bulging
Seepage
Ponding
Sinkholes
ErosLon

Vegetatlon
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I
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t l
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Conments and photographs:

SPILLICAY

From Spil lwav

_Into spil lway
.Eros10n
Siltatlon
Debris
Vegetation

Concrete Structure
Settlenent
Cracks & Spal ls  i

Not No
Applicable problem

t l

Needs Crit ical
Repair

Minor
Problern

Meets Desiqn
Freeboard 

-

Control Operation ILeekage
I
t
t

t l
r 1
L I

t l

t l
r l
t l

t l
t l
t l

l
l
I

t l

L J
t l
t l
r l
L J

l
l
l
J
1)

L

I
L

t
t
t
t
I

t'
t
t
t

Outfal l  Channel I

t
t

I

tWaterstops-
Undercutting
Weep Holes/orainsi j

Conments and photographs:
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DAM NAME:

RESERVOTR BASIN Not No
Applicable problem

Fractures t l r 1
L J

PAGE 3

Needs Crit lcal
Repair

Minor
Problem

t lSinkholes tSedinentatlon iDebrls r
Vegetation iShore Stabitity iStorage Gage 

- 
i

l
l
l
l
l'l

l

I
t
f

t
?
t
I

t
t
t
t
t
t

Conments and photographs:

OUTLET Not No
Applicable problem

Needs Crit ical
Repair

Minor
Problem

t l
Meets Design
Controls

Access rrl Spil l
operation
Measuring Device

fntake
Slltation
Debrls
Trash Rack

Conduit
Displacenent
Deterloration
,foints
Blockage
Leakage
Canber

Doqrnstream Channel

t l

t
t
t

t
I
t l

t l

t l
t l
t l

i l
|t
t l

r 1
T J

t l

t l
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t l
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I

t
t
t
?

r

l
l
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l

L

t
t
t
t
I

L

t
r

t
t
t

Comments and photograptrs:

Pool j.ng
Backcuttincr
Erosion
Vegetatlon
Debris

t l
t l
t l
t l

t
r
L

t
I
t

F igu re  7 -1 -3a .  Con t inued .
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DAI,' NAI'IE:

SEEPAGE

SLWPS AND
SINKHOLES

PAGE 4

Iocatlon gpm sedirnent comments

I

2

3

4

r

L

r

f

locatlon

1 r

I t

I t

I t

I t

I t

I t

I t

l

l

l

l

conments

At

B t

c t

OVERALL COMMENTS AND RECOMIENDATIONS

l
'l
)

l

F i g u r e  7 - 1 3 a .  C o n t i n u e d .
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DAI'! NAME: PAGE 5

SKETCH - fndicate North, downstream, seeps, leaks, sinktrol_es etc.
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Hencer  a l t e rna t i ve  wa te r  supp l i es  a re  no t  requ i red  to  rep lace
ex i s t i ng  su r face  wa te r  Supp l i es .

7.2.6 SURFACE WATER MONITORING PLAN

F igu re  7 -L4  shows  t he  l oca t i ons  o f  sp r i ng  mon i t o r i ng
s ta t i ons  d i scussed  i n  Sec t i on  7 .L .6  and  two  35 - i nch  Pa rsha l l
f l umes  tha t  were  i ns ta l l ed  i n  Ju l y  1985  on  Cranda l l  C reek  (one
upstream f rom the sur face fac i l i t ies and one downstream).  These
f lumes are equipped wi th  Stevens Type-F water- level  recorders to
a l l ow  t he  co l l ec t i on  o f  con t i nuou i  f l ow  da ta .  Cha r t s  w i l l  be
changed and the f lunres inspected on a month ly  bas is .

wa te r  qua l i t y  sampres  w i l l  be  co r l ec ted  f r om the  f l ume
loca t i ons  qua r te r l y  ( no rma11y  i n  Janua ry ,  Ap r i 1 ,  Ju1y ,  and
oc tobe r ) ,  beg inn ing  i n  Ju l y  1986 ,  and  ana lyzed  acco rd ing  to  the
l i s t  con ta i ned  i n  Tab le  7 -7  t h roughou t  t he  rema lnde r  o f  t he
opera t i ona l  pe r iod  o f  t he  m ine .  Eve ry  f i f t h  yea r  (1990 ,  Lggs ,
e tc . ) ,  t he  samp les  co l l ec ted  du r ing  the  l ow- f l ow  pe r iod  (no rma l I y
oc tobe r )  w i l l  be  ana lyzed  acco rd ing  to  Tab le  z -8 .  A l1  samp les
w i l l  be  ana lyzed  fo r  t o ta l  and  d i s io l ved  cons t i t uen ts  acco rd ing
to the ind icated l is ts .  Discharges f rom the sedimentat ion pond
Y i1 l  be  ana l yzed  i n  acco rdance  w i t h  t he  NPDES pe rm i t  f o r  t he
fac i l i t y .  Th i s  mon i to r i ng  schedu le  w i l l  con t i nue  un t i l  two  yea rs
a f te r  su r face  rec lamat ion  has  ceased .

su r f ace -wa te r  mon i t o r i ng  da ta  co l l ec ted  du r i ng  t he
ope ra t i ona l  pe r i od  w i l l  be  subm i t t ed  t o  DoGM on  a  qua r te r l y
bas i s .  A t  t he  end  o f  each  ca lendar  yea r r  dn  annua l  summary  w i l l
be  subm i t t ed .  Th i s  annua l  summary  w i l l  ana l yze  and  desc r i be
va r ia t i ons  i n  f l ows  and  qua l i t y  du r lng  the  yea r  and  w i l l  i nc lude
tab les r  g raphs ,  hyd rog raphs ,  e t c .  as  app rop r ia te .

Due  t o  t he  c l ose  p rox im i t y  o f  t he  sed imen ta t i on  pond  t o
Cranda l l  C reek ,  t he  p iezomete r  i ns ta l l ed  i n  t he  dam (see  P la te  7 -
4 ,  w i l l  be  mon i to red  on  a  regu la r  bas i s  t o  reduce  the  l i ke l i hood
o f  a  po ten t i a l  dam fa i l u re .  The  p iezomete r  ( cu r ren t l y  i ns ta l l ed )
w i l l  be  p ro tec ted  du r i ng  recons t ruc t i on  by  i ns ta l l i ng  a  sho r t
sect ion of  s tee l  sur face cas ing around the ex is t ing pVC pipe.

Mon i to r i ng  o f  t he  p iezomete r  w i l l  p roceed  on  a  week ly  bas i s
du r ing  and  fo r  a  two -mon th  pe r iod  fo l l ow ing  pond  recons t ruc t i on .
I f ,  a t  t he  end  o f  t h i s  week ly  mon i to r i ng  pe r iod ,  t he  wa te r  l eve l
i n  t he  p iezomete r  rema ins  re la t i ve l v  cons tan t  (as  de te rm ined  i n
consul ta t ion wi . th  DOGM),  the moni tor ing f requency wi l l  be reduced
to  a  mon th l y  i n te rva l .

Wa te r -1eve1  measu remen ts  w
p iezomete r  immed la te l y  p r i o r  t o  and
o f  t he  sed imen ta t i on  pond .  I f  t he
leve l s  va ry  by  l ess  t f ran  0  .  5  f  oo t ,

i  I  1  be  co l  l ec ted  f r om the
fo l l ow ing  f u l l - s ca le  c l eanou t
pre-  and post -c leaning water

mon i to r i nq  fo l l ow ing  c leanou t

7 -54a  M id -Te rm Rev is ions  7 -3 -L986



L o c a t i o n  o f  s u r f a c e  a n d

7 - 5 5

groundwater  r r ron i to r i -ng  s ta t ions .

R e v i s e d  7 - f 0  - I 9 8 7

F lgu re  7 -L4 .



wi l l  cont i -nue on a weekly  bas is  for  a  per iod of  one month.  I f
s i gn i f i can t  changes  a re  no t  no ted  du r ing  th i s  one -mon th  pe r iod
(as  de te rm ined  i n  consu l t a t i on  w i t h  DOGM) ,  t he  mon i t o r i ng
f requency  w i l l  r e tu rn  t o  a  mon th l y  i n t e r va l .  I f  s i g_n i f i can t
wa te r - l eve I  changes  a re  no ted  du r ing  the  pos t - c leanou t  week ly
moni tor j -ng per iod or  i f  there is  o ther  ev idence to  ind icate that
the  embankmen t  i s  rap id l y  sa tu ra t i ng ,  Genwa l  w i l l  no t i f y  DOGM
wi th i n  a  15 -day  pe r i od  o f  t he  wa te r - l eve1  changes  and  w i l l
mutual ly  agree upon addi t ional  moni tor ing requi rements.

The  s l ope -s tab i l i t y  ana l ys i s  p resen ted  i n  Append i x  7 -6
assumed that  the water  level  a t  the locat ion of  the p iezometer
(Sec t i on  B -B ' )  was  a t  an  e l eva t i on  o f  7764  f ee t  ( 20  f ee t  be low
the sur face of  the embankment  at  the p iezometer) .  Under  these
condi t ions,  the dam was shown to be s table.  I f  the water  level
i n  t he  p i ezome te r  r i seg  above  t h i s  e l eva t i on ,  wa te r  w i l l  be
immed ia te l y  w i thd rawn  f rom the  pond .  I f  ava i l ab le  da ta  i nd i ca te
tha t  t he  wa te r  i n  t he  pond  mee ts  t he  e f f l uen t  l im i t a t i ons
con ta ined  i n  UMC 8L7 .42  and  any  app l i cab le  NPDES pe rm i t s ,  t h i s
wa te r  w i l l  be  pumped  d i r ec t l y  t o  C randa l l  C reek .  Any  d i r ec t
d ischarges wi l l  be moni tored at  the beginning and end of  pumping
from the pond.  The pump in le t  wi l l  be p laced on a f loat ing r ing
to avoid pul l ing excess sediment  in to the d ischarge tube dur ing
pumping.  Water  wi t l  be pumped f rom below the water  sur face to
avoid in t roduct ion of  o i l  to  the d ischarge water .

I f  the pond requi res rapid dewater ing and the qual i ty  o f  the
water  is  such that  i t  cannot  be d ischarged d i rect ly  to  Crandal l
C reek ,  t he  wa te r  w i l l  be  pumped  j - n to  sumPs  con ta i ned  i n  t he
unde rg round  wo rk i ngs .  These  sumps  w i l l  be  cons t ruc ted  l a rge
enough to prov ide for  s torage of  the sur face water .  Once the
water  in  the underground sumps is  of  suf f ic ient  qual i ty  to  meet
the ef f luent  l imi . ta t ions of  UMC 8I7.42 and any appl icable NPDES
perm i t s ,  t he  wa te r  w i l l  be  d i scha rged  to  Cranda l l  C reek .  Genwa1
is current ly  rev iewing the i r  ex is t ing NPDES permi t  to  determine
i f  a  new o r  rev i sed  pe rm i t  w i l l  be  requ i red  to  d i scha rge  wa te r
f r om the  sed imen ta t i on  pond  t o  t he  unde rg round  wo rk i ngs  and
thence to the creek.

Dur ing  cons t ruc t i on  ac t i v i t i es  assoc ia ted  w i th  expans ion  o f
t he  su r f ace  f ac i l i t i e s ,  wa te r -qua l i t y  samp les  w i l l  be  co l l ec ted
on  a  week ly  bas i s  f rom the  upper  and  l ower  on  Cranda l l  C reek
no ted  on  F igu re  7 - t4 .  These  samp les  w i l l  be  ana lyzed  fo r  t o ta l
i r on ,  t o ta l  manganese ,  t o ta l  suspended  so l  i ds  '  sPec i f i c
conduc tance ,  and  pH.  A t  t he  t ime  o f  samp le  co l l ec t i on '  f l ow  da ta
w1 l l  be  co l l ec ted  f rom the  f l umes  a t  t he  s ta t i ons .

I f  add i t i ona l  i n f l ows  ex i s t  be tween  t he  s ta t i ons ,  samp les
w i l l  a l so  be  co l l ec ted  f rom these  l oca t i ons .  These  may  i nc lude
na tu ra l  f l ow  f r om t r i bu ta r y  d ra i nages  o r  r uno f f  f r om the
d is tu rbed  a rea .  These  samp les  ( i f  co l l ec ted )  w i l l  be  ana lyzed
for  the same parameters out l ined for  Crandal l  Creek.

: i * " , . i r : : ;' u  i , i ; ,  i
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Tab le  7 -7 .  Abbrev ia ted  su r face  wa te r  ana lys i s  1 i s t .

F ie ld  Measuremen ts :

F low
pH
Spec i f i c  conduc tance  (umhos /cm)
Tempera tu re  (oC)
D isso l ved  oxygen  (ppm)

Laboratory Measurements :

To ta l  d i sso l ved  so l i ds
To ta l  suspended  so l i ds
To ta l  se t t l eab le  so l i ds
To ta l  ha rdness  (as  CaCO3)
B ica rbona te  (as  HCO3)

Carbona te  (as  CO: )
Ca l c i um (as  Ca )
Ch lo r i de  (as  C l  )
D i sso l ved  i r on  (as  Fe )
Magnes ium (as  Mg)

I t {anganese (as Mn)
Po tass ium (as  K )
Sod ium (as  Na )
Su l f a te  ( as  SOa)
O i1  and  Grease
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Tab le  7 -8 . Ex tended  su r face  wa te r  ana lys i s  l i s t .

F ie ld  Measuremen ts :

F low
pH
Spec i f i c  conduc tance  (umhos /cm)
Temperature (oC)
D isso l ved  oxygen  (ppm)

Laboratory Measurements :

To ta l  d i sso l ved  so l i ds
To ta l  suspended  so l i ds
To ta l  se t t l eab le  so l i ds
To ta I  ha rdness  (as  CaCO3)
A lum inum (as  A1 )
A rsen i c  ( as  As )
Ba r i um (as  ea )
B ica rbona te  (as  HCO3)
Bo ron  (as  B )
Carbona te  (as  COf )

Cadmium (as  Cd)
Ca l c i um (as  Ca )
Ch lo r i de  (as  C f  )
Chromium (as  Cr )
Copper  (as  Cu)
F luo r i de  (as  F )
D i sso l ved  i r on  (as  F )
Lead  (as  Pb)
Magnes ium (as  Mg)
Manganese (as l4n)

Mercu ry  (as  Hg)
Mo lybdenum (as  Mo)
N i cke I  ( as  N i )
N i t rogen-Ammon ia  (as  NH3)
N i t r i t e  (as  NO2 )
N i t ra te  (as  UOj  I
Po tass ium (as  K )
Phospha te  (as  PO4)
Se len ium (as  Se )
Sod j -um (as  Na)

Su I f  a te  ( as  SO4  )
Su l f i de  (as  S )
Z inc  (as  Zn )
O i l  and  Grease
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Moni tor ing dur ing the construct ion per iod wi l l  commence one
week before beginning of  const ruct ion and cont inue unt i l  one week
fo l l ow ing  the  cessa t i on  o f  cons t ruc t i on .  Da ta  w i l l  be  sen t  t o
DOGM wi th in  one day fo l lowing receipt  o f  the in format ion f rom the
laboratory.

Dur ing the post -operat j -onal  per iod,  sur face-water  data wi l l
be co l lected f rom the upper  and lower s tat ions shown in  F igure 7-
L4 and the in f low to the sedimentat ion pond as ind icated on Plate
3 -4 .  F low  da ta  w i l l  be  co l l ec ted  con t i nuous l y  f rom the  f l umes  a t
the upper  and lower Crandal l  Creek s tat ions and twice annual ly
(du r ing  the  h igh -  and  l ow- f l ow  seasons )  f rom the  sed imen ta t i on
pond  in f l ow  du r ing  the  pos t -m in ing  pe r iod .  I n  add i t i on ,  wa te r -
qua l i t y  samp les  w i l l  be  co l l ec ted  f rom each  s ta t i on  du r i -ng  the
h igh -  and  1ow- f l ow  seasons  fo l l ow ing  m in ing .  These  samp les  w i l l
be  ana lyzed  fo r  t he  pa ramete rs  l i s ted  i n  Tab le  7 -7 .  Da ta  thus
co l l ec ted  w i l l  be  submi t ted  to  DOGM annua l l y .

The  annua l  pos t -m in i ng  repo r t  w i l l  con ta i n  no t  on l y  t he
labo ra to r y  and  f i e l d  da ta  bu t  a l so  an  assessmen t  o f  cu r ren t
impacts f rom min ing on sur face-water  systems and the amount  of
recove ry  o f  t he  sys tem s ince  m in ing .  Su r face -wa te r  mon i to r i ng
f  o l  l ow ing  m in ing  w i  11  con t i nue  un t i  1  t he  t e rm  j - na t i on  o f  t he
bond ing  pe r iod .
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W i t h  t h e  c l o s e  p r o x i m i t y  o f  t h e  s e d j - m e n t  p o n d  t o  C r a n d a l l
C r e e k '  t h e  p i e z o m e t r i c  s u r f a c e  w i l l  b e  m o n i t o r e d  i n  t h e  p o n d
e m b a n k m e n t  t o  r e d u c e  t h e  l i k e l i h o o d  o f  a  p o t e n t i a l  e m b a n k m e n t
f a i l u r e .  T h e  e x i s t i n g  p i e z o m e t e r  l o c a t e d  i n  t h e  p o n d  e m b a n k m e n t
w i l l  b e  m a i n t a i n e d  d u r i n q  t h e  r e c o n s t r u c t i o n  a n a  l i f e  o f  t h e
s e d i m e n t  p o n d  t  e y  u n t i l  6 u c h  t i m e  t h a t  i t  i s  d e t e r m i n e d  t h a t
m o n i t o r i n g  o f  t h e  p o n d  i s  n o  l o n g e r  n e c e s s a r y .  T h i s  m o n i t o r i n g
w i l l  h e l p  d e t e r m i n e  t h e  e f f e c t i v e n e s s  o f  t h e  c l a y  l i n e r  l o c a t e d
w i t h i n  t h e  p o n d  a n d  d e t e r m i n e  t h e  s a t u r a t i o n  L e v e l  w i t h i n  t h e
e m b a n k m e n t  i t s e l f .

M o n i t o r i n g  o f  t h e  e m b a n k m e n t  w i l l  c o n t i n u e  o n  a  w e e k l v  b a s i s
t h r o u g h  t h e  p e r i o d  o f  p o n d  r e c o n s t r u c t i o n .  F o l l o w i n g  p o n d
r e c o n s t r u c t i o n ,  i f  t h e  w a t e r  l e v e l  i n  t h e  e m b a n k m e n t  r e m a i n s
r e l a t i v e l y  c o n s t a n t  f o r  a  p e r i o d  o f  t w o  m o n t h s ,  m o n i t o r i n g  w i l l
t h e n  b e  r e d u c e d  t o  a  m o n t h l y  b a s i s .

D u r i n g  p e r i o d s  f o l l o w i n g  a  f u l l  s c a l e  c l e a n i n g  o f  t h e  p o n d ,
m o n i t o r i n g  w i l l  b e  d o n e  j u s t  p r i o r  t o  c l e a n i n g  a n d  i m m e d i a t e l y
f o l l o w i n g  c o m p l e t i o n  o f  t h e  c l e a n i n g  a c t i v i t i e s .  I f  t h e  r e s u l t s
o f  t h e  p r e - c l e a n i n g  a n c l  p o s t - c l e a n i n g  m o n i t o r i n g  v a r y  b y  l e s s
t h a n  0 . 5  f o o t ,  m o n i t o r i n g  w i l l  b e  d o n e  w e e k l y  f o r  a  p e r i o d  o f  o n e
m o n t h .  F o l l o w i n g  t h i s  w e e k l y  m o n i t o r i n g  p e r i o d ,  i f  t h e r e  a r e  n o
^ . i ^ - . i 4 . . i ^ ^ * !  l5 r - g I l l r l - c a n t  l e v e l  c h a n g e s ,  m o n i t o r i n g  w i  1 1  c o n t  i n u e  o n  a  m o n t h l y
b a s i s "  I f  s i g n i f i c a n t  l e v e l  c h a n g e s  a r e  n o t i c e d  a t  a n y  t i m e  o r
t h e r e  i s  o t h e r  e v i d e n c e  t o  i n d i c a t e  t h a t  t h e  e m b a n k m e n t  i s  b e i n g
s a t u r a t e d ,  G e n w a l  C o a I  c o m p a n y  w i l l  n o t i f y  t h e  D i v i s i o n  o f  o i l ,
G a s  a n d  M i n i n g  w i t h i n  a  1 5  d a y  p e r i o d  o f  t h e  s p u r i o u s
m e a s u r e m e n t s  a n d  w i l l  m u t u a l l v  a s r e e  o n  a d d i t i o n a l  m o n i t o r i n q
r e q u i r e m e n t s .

S h o u l d  m o n i t o r i n g  l e v e l s  i n d i c a t e  t h e  n e e d  t o  r a p i d l y  l o w e r
t h e  l e v e l  o f  w a t e r  i n  t h e  p o n d ,  w a t e r  w i l l  b e  p u m p e d  i n t o  t h e
m i n e .  S u m p s  u n d . e r g r o u n d  w i f t  b e  o f  l a r g e  e n o u g h  c a p a c i t y  t o
a d e q u a t e l y  h a n d l e  t h e  w a t e r  f r o m  t h e  s e d i m e n t  p o n d .  T h e s e  s u m p s
w i l l  b e  d e s i g n e d  a n d  i n s t a l l e d  t o  a l l o w  t h e  s e d i m e n t  t o  s e t t l e
f r o m  t h e  w a t e r  p r i o r  t o  d i s c h a r g e  i n t o  C r a n d a l l  C r e e k .  N o  w a t e r
w i l l  b e  d i s c h a r g e d  t o  t h e  c r e e k  u n l e s s  s t a n d a r d s  r e q u i r e d  b y  t h e
a p p  l  i c a b  1 e  N P D E S  p e r m i t  c a n  b e  m e t .  G e n w a l  i - s  c u r r e n t  1 y
r e v i e w i n g  t h e i r  e x i s t i n g  N P D E S  p e r m i t  t o  d e t e r m i n e  i f  a  n e w
p e r m i t  w i l l  b e  r e q u i r e d  t o  d i s c h a r g e  w a t e r  f r o n  t h e  s e d i m e n t a t i o n
p o n d  t o  t h e  u n d e r g r o u n d  w o r k i n g s  r n a  t h e n c e  t o  t h e  c r e e k .

r f  t h e  t i m e  f r a m e  a l l o w s  f o r  l a b  a n a l y s i s  o f  t h e  w a t e r ,  a n d
t h e  w a t e r  i n  t h e  p o n d  m e e t s  e f f l u e n t  l i m i t a t i o n s ,  t h e  w a t e r  w i l l
b e  p u m p e d  d i r e c t l y  t o  C r a n d a l l  C r e e k  r a t h e r  t h a n  r o u t i n g  t h e
w a t e r  t h r o u g h  t h e  u n d e r g r o u n d  w o r k i n g s .  M o n i t o r i n g  o f  t h i s
d i r e c t  d i s c h a r g e  i n t o  C r a n d a l l  C r e e k  w i l l  b e  d o n e  a t  t h e
b e g i n n i n g  a n d  e n d  o f  t h e  p u m p i n g  o p e r a t i o n .  T h e  p u m p  w i r l  b e
p l a c e d  w i t h i n  t h e  p o n d  s o  a s  n o t  t o  p i c k  u p  s e d i m e n t s  a t  t h e
b o t t o m  a n d  w i l l  b e  e q u i p p e d  w i t h  a n  o i f  s k i m m e r .
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7.3 ALLUVIAL VALLEY FLOOR DETERMINATION

The Tract  1  mine p lan area is  located only  in  up land areas
o f  t he  C randa l l  C reek  wa te rshed  con ta i n i ng  a  t h i n  venee r  o f ,
co l l uv ia1  depos i t s .  As  a  resu l t r  t he  a rea  i s  no t  under la in  by  an
a l1uv ia1  va1 ley  f l oo r .

The  a rea  occup ied  by  t he  su r f ace  f ac i l i t i e s  ( ad jacen t  t o
Cranda l l  C reek )  i s  a  s teep ,  na r row  canyon  w l t h  on l y  l im i t ed
amounts of  rocky a l luv ium. No agr icu l tura l  act iv i t i -es have been
conducted in  the area in  the past  nor  wi l l  they be in  the fu ture
due to the l imi ted wj -dth of  a l luv ium along the s t ream ( less than
l -0  f ee t )  and  t o  r es t r i c t i ve  c l ima t i c  cond i t i ons .  Hence ,  t he
Cranda l l  C reek  a rea  ad jacen t  t o  the  su r face  fac i l i t i es  i s  a l so
no t  an  a l l uv ia l  va I l ey  f l oo r .  Th i s  conc lus ion  i s  suppor ted  by
the  U .S .  So i l  Conse rva t i on  Serv i ce  ( see  I t em 8 -3 ) .
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